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ADMINISTRATIVE DATA

Purpose of Tesgt:

. Test Specimen:

Manufscturer:

Number of Tests Conducted:

Tests Conducted by:

Disposition of Teat Specimen:

Abstract:_ )

To supply pressurization data which will -
be used to assist in heat exchanger design
for the S8aturn Missile Program. e g

o M R K

7000 Gallon 6A1-4V Titanium Test Tank
Beeci: Aircraft Corporation, Boulder, Colorado

Sixteen (16)

A. R. Lowrie, Test Engineer
Beech Aircraft Corporation
Liquid Hydrogen Test Facility
Boulder, Coloredo

The 7000 gallon titanium test tank was dese
troyed during & test run on 27 August 1964.
The Beech Aircrart Corporation is presently

avaiting the Government directions as to
disposition of the test tank remains. o

In accordance with Beech Aircraft Corporation—
Work Order No. 32100, a series of liquid '
hydrogen pressurization tests vas conducted,
utilizing the titanium test tank in the -
themeal test tower vacuum bell. These tests

consisted of helium and hydrogen s for pres-
surization with four (4) tests including the
application of external heat flux.
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FINAL TEST REPORT FOR LIQUID
HYDROGEN PRESSURIZATION TESTS
1.0 INTRODUCTION ~ The purpose of the tests described in this

document is to satisfy the requirements of Beech TP 13636-3 te conduct
liquid hydrogen pressurization tests for the Fluid Mechanics and Thermo- _
dynamics Branch of NASA Marshall Space Flight Center, Huntsville s Alabanma.

2.0 CHRONOLOGICAL PROGRAM HISTORY

1963 Ma% 29 - Negotiated Centract No. NAS8-5331 with National
Asronautics and Space Administration at the George C. Marshall Space
Flight Center, Huntsville, Alabama. The Contract was for conducting
a series of liquid hydrogen pressurization tests in the Beech Airoraft
Corporation’s Beuldsr Division, Thermal Test Facility. Program comple-
tion was set at one year from the Contract date.

June 24 - Substituted the 7000 gallon titanium test tank for
the stainless steel test tank, which was shipped to its rightful owner,
Edwerds AFB, California.

July 19 - Received the first budget authorization for W.O.
82100 NABA Contract NAS8-5331. This included Series "A" testing only.

- J 25 - Received supplement #1 to the budget authorization.
This supplement to provids for procuring and buildup of the 100 peint
liquid level indicating systenm.

July 22 - Submitted drawing of the titanium test tank instru-
mentation rake.

August 1 - Initiated purchase order for forty (40) Germanium
thermometers, calibrated from 20°K to 4O°K with an accuracy of 0.3% above
range. The nominal resistance at 40°K will be 10 +1 ohms and at 20°K will
be 35 1.5 ohms.

August 26 - Problems were encountered in the contractual
requirements for a fast response temperature msasuremsnt probe capable of
62.3% of the total temperature change, in two seconds or less , in still
air. NASA supplied druwings and test data of & probe used in liquid
Oxygen, which could meet this requirement.

August 27 - Submitted drawing No. 60358, Liquid Hydrogen Gas
Diffuser, to NASA for approval.

Sogumbor 23 - Received the fast response thermocouple draw-
ings and test data sheet from NASA.

ﬂ
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September 25 - Decision is mede that Beech personnel will
faebricate and test the fast response thermocouples to be used on this

progranm.

October 8 - Designed a prototype fast response thermocouple
and submitted both drawing No. 60377 and the model to NASA for approval.

October 31 - Issued Engineering for the following:

: a. Liquid Hydrogen Gas Diffuser

‘ b. Propellant System Interconnections .
c. Pressurization and Vent Systems Intercomnections
» - d. Instrumentation Intercennections

December 14 - Changed the Germanium Thermometer nominal
resistance to 7.3 21 ohms at 40°K and 35 1.5 ohms at 20°K.

December 26 - Completed the fatrication of a new instrumen-
tation Rake to be used in the Titanium Tenk.

‘ Degember 29 - Installed an Antivortex Baffle in the Titanium
Test Pank. ‘

! - Degcember 30 - Completed the fabrication of 40 fast response

,’ thermocouples per NASA specifications. Installed five of these in

! the MAA Saturn II tank for evaluation purposes, and to dstermine how
well the commutating system would runction in conjunction with thermo-
couples, without amplifiers.

December 31 - Received the fabricated 1iquid hydrogen gus
diffuser and all of the interconnecting spool pieces from manufacturing.
Installed the diffuser in the test tank.

|

I 1964 January 2 - Started calibration and testing of the fast
! respcnge thermocouples. The millivolt output wes very wide spread
[ in both 11iquid nitrogen and iiquid hydrogen. Data to be presented
to NASA in order to determine the procedural variations.

January 19 - Received the rlrst twelve (12) Germanium probes
‘ to be used in the teat program. The respective calioration curves
were included.

F January 20-21 - A trip to HMuntsville, Alabama was made to
! establish a clarification of program objectives. Items of discussion
included the follewing itinerary:

a. Program Objectives

b. Testing Sequence

¢. Titanium Test Tank and Properties
d. Vortexing Possibilities

e. Instrumentation Locations

T T T T I T e T e T
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i f. Pre-Pressurization Procedure =
: g. Pressurization and the Iiguid Hydrogean Gas Diffuser
3 h. Monthly Progress Reports FERISS S
7 1. Recording Sequence *’Lfﬂ*
Jo A Test Procedure Review
k. Liquid Level System

A meeting was held with the testing personnel on their procedure
for the fast response thermocouple caiibratiou. Several factors
which might be aflecting cur theruocoup.e accuracy were discussed.

January 29 - Revised the heat tower pressurizetion coatrol o
system to allow a flow of gas only when the ullage pressure drops L \
below the required operating pressure. This was accomplished by

using a pressures switch to control the test tank pressurization control
valve. R

Jenua O - Released the revised test procedure, TP-13632-3,
for series "A" testing.

January 30 - Completed the cleaning of the tdtanium test
tank., -

January 31 - Conducted a leak check of the titanium test
tank.

January 31 - Fabricated the instrumentation cover plate for =
thirteen (35 Pin) amphenol connectors and for three (37 Pin) copper-
constanten connectors.

February 3 - Submitted Progress Report for January.

February 5 - Completed the addition of another arm to the
instrumentation rake.

February 11 - Contracted for a desta reduction program which
will enable Beech personnel to reduce data from MTA-2 magnetic tape
through the use of the (-15D computer.

February 15 - Completed the fabrication of the instrumen-
tation cover piaste and connecting .eads.

February i7 - Completed modifcations to the pressurization
and vent system in order to utiiize the sume flowneter snd provide
larger flow rates.

February 19 - The University of Colorado calibrated the vent

and pressurization flowmeter to provide flow rates in both directions.




i

BEECH TEST REPORT N
FR 13632 A ]35O

T S Tlssue oate ‘Revisiap NDates
25a Wat Z 4
| =26k 57506,

| Beech Aircraft Corporation — Environmentai Test Laboratories

Februar- 25 - Revised the series "A" test schedule due to
the NAA Saturn II test progranm.

February 27 - The five fast response thermocouples in the
Saturn II test tank indicated, but tise Gata couid not be verified.

hb%x 2] - Received the balance of the Germanium probes T L ‘
vhich were ordered for the test program. '

February 29 - Fabricated a cryostat to be used for the fast
respouse thermocoupie tests and ca.ioration. | S

f March 1 - Submitted Progress Report for February.

! March 6 - Completed the installetion of teflon breckets
on the instrumentation rake.

March § - Completed the revised instrumentation print for
! NASA revievw.

March 1l - Procured a 48 channel copper-constantan eutomatic
thermocouple reference system (ice point) to be used in thermocouple
testing and in the test program.

March 11 - M. Nein, NASA Technical Supervisor, visited the ‘
Boulder Facility to observe preparations to testing and to discuss =
the following itinerary:

8. Magnetic Amplifiers end Isolation Transformers
to be used with the Past Rcsponse Thermocouples
‘ b. Liquid Level Locations on the Instrumentation Rake
¢c. Installation of Three Temperature Probee on the
: Diffuser
f Revising the Test Schedule
i e. Discuss the Possibility of Two Additional Helium
|
|
E

FJ

Runs
f. Discuss Possibility of Obtaining Helium Semples
During Run.

! Merch 13 - Conducted = computer program or height versus
| volume in the titanium test tank.
|

March 14 - Submitted cwves of titenium properties to NASA.
E March 15 - Completed the instrumentation rake wiring.
March 19 - Ordered forty Model 190 Magnetic Amplifiers and

f isolation transformers. Beech representative to observe equipment
| and return with two models to Boulder for preliminary testing.
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March 31 - Installed a three-way ball valve to enao.e faster
changeover from pre-pressurization to pressurization,

April 1 - Submitted Monthly Progress Report for March.
Released revised Series "A" test schedule.

Drafted fast response thermocouple test procedure.

Contacted the National Bureau of Standards for information regarding the
obtaining of helium semples during the test runs. Availability of equip-
i ment for anaiysis wes & problewm and douvt was expressed as to results waich
% would be obteined.

April 3 - Completed the cryostat test setup for the fast
| response thermocouple calibration.

April 6 - Contacted by NASA on following subjects:

8. Requested One Run of the Coldest Possible Helium
for Pre-pPressurization

0. Photographs of toe Di’fuser

c. Status of the Two Additional Helium Runs

d. Magnetic Amplifier Status

e. Date rfor Stert of Testing

v Started the fast response thermocouple calibration and response test.
; Modified the cryostat to prevent probes from contacting sidewalls. 1In-
ﬁ stalled a limit switech. R

April T - Thermocouple Calibration and Response Teat. The
wires broke on the moving parts inside of the cryostat. They had to ve
run through the movable tubing. The reference probe andthe test probes
had t0 be located closer together.

Tested a teflon frame probe (T-7) with a peaked junction. Response very
i good.

April 8 - Conducted a 40 psia static prcof pressure test with
gesecus nitrogen on the titanium tank. Results satisfactory.

\ Thermocouple Testiag: Conducted tests on T-8 and T-6 probes. Results
wvere not good. Repeated tests on T-7 with good results.

April § - Thermocouple Testing:

Fabricated & new 1iyuld level indicator for the

cryostat.

b. Modified reference prooe in order to immerse it
in the test media.

c. Tested some thermocouples to determine effect of

peak pointing up, pointing down, and the frame of

a variable width.

a

Received the new 32°F reference oven and installed it in the test setup.
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April 10 - Thermocouple Testing: Redesigned the cryostat
to correct several problems. Installed two microswitches to supply
a trace of the probs travel in and out of the liquid. A support
arm was installed to allow smoother operation during probe travel.

Conducted tests on four probes vhich had not been tested previously.

April 13 - Received the nbw COX propellant flow meter. In-
stalled the two pressurization valveg for the new pressurization system.

Thermocouple Testing: Tested the effect of insulation and varnish o
on the junction wire of several probes. PFabricated an 18-gauge stranded
vire as a frame and tested this. Started testing with the probe
Junction at various angles to the horizontal. Response extremely
poor.

ﬁru 14 - Thermocouple Testing: Tested seventeen (17)
thermocouples with varying Junctions to evaluate the effect upon

response.

Contactsd the National Bureau of Stendards for additional information
on the feasidbility of helium samples during test runs. Subject in-
cludsd cost of sample analysis and time to accoxmplish the task.

‘ ril 15 - Thermocouple Testing: Fabricated several thermo-
couples-us a 80l1id 20 gauge copper-constantan wire for the frame
and 30 gauge for the junction. Response tests were very good so it
vas decided to test these extensively. Test Procedure involved
changing the angle of the junction, shortening the distance between
the yoke arms, and varying the angle of the Junction with the horie-

zontal during testing.

April 16 - Installed the sixteen (16) skin temperature
thermocouples to the ocutside of the titanium test tank.

Started to install the test tank in the vacuum bell, but were unable
to do so due to the wind.

Repaired the thermocouple cable to the vacuum bell for the heat rate
computers.

Agril 17 - Installed the titanium test tank in the heat tower
vacuum bell.

Installed the Cox Propellant Flowmeter in the outflow line.
Installed the waugh vent and pressurization flowmeter.
Installed elbows on the titanium tank inlet ports.

Continued thermocouple testing for the effect of the speed of probe
travel on removel from liquid to gas.
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April 20 - Installed the jrosellant 111 line to the test
tank .

Checked out pressurization system valve operations.

Thermocouple Testing: Tested a 1" square frame, a 2", and a 3" model
thermocouple. The 3" square model provided the best results. Ran

an additional series of tests on this model with very good results. R
Decided this weas the type we would use for the test tank internal B Lt O
temperatures. Started fabrication of forty-five (45) thermocouples

of thils type.

Aprii 21 - Thermocouple Testing: Continued the testing -
of our production type thermocouple through various angles at various
velocities. Started the official calibrstion of seven (7) of the
forty-five production models. Completed with good results.

April 22 - Completedthe fabrication of the forty-five produes:
tion type thermocouples to be used in the test tank. :

April 2; - Prior to final calibration it was decided that
the procedure wouid be to take three (3) millivolt readings and
series of ten (10) response tests on each probe.

April 24 - Contacted NASA as to the following information: |

8. Pressurization requirements - NASA to send the ‘ e
pre-pressurization and pressurization gas temperas —————§
tures required for the first series of runs.

b. NASA to conduct the helium solubility tests in
their own battleship progranm.

Inreaged the pre~pressurization gas heat exchanger by an additional
100 feeat of copper tubing.

Calibrated eleven (11) of the fast response thermocouples (Production

Type) .
April 27 - Calibrated eight of the fast response thermocouples.
April 28 - Irstalled new 1" line for helium pre-pressurization. r

April 29 - Calibrated six of the fast response thermocouples.
Continued work on the helium system.

April 30 - Completed the caiivratlion of the remaining fast
response thermocouples in liquid nitrogen.

Installed the vent line to the titanium tank.

Installed heiium lines to the control panel.
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May 1 - Completed a rerun calibration of the first 14 rast

response thermocouples in liquid nitrogen. ’~J"

Started converting cryostat to liquid hydrogen capability. e
May 4 - Encountered problems in liquid hydrogen caiibration

of fast response thermocouples. Conducted runs at 8 psig, 18 psig, and
38 peig. Data was errcneous.

May 5 - Modifled cryostet vent s stem and installed a pres-
sure switch to controi pressure to :i/¢ psly. Reading still not satis-
factory. Bypassed the copper-constantan conmsctor and readings were good.
Ran all leads through the cover and made connections outside of the cryostat.

May 6 - Encountered many leaks when the cryostat wes prennurizi@
Drilled holes ror the thermocouple leads and epoxied around each wire. -

May 7 - Still encountered leakage around wires. Decided the
leakage was coming through the insulation. Stripped the insulation off
and epoxied between wire and cryostat cover. leakage was eliminated.

Completed the magnetic amplifier chassis buildup.

May 8 - Coniucted the liquid hydrogen calibration on test
thermocouples 1 through 10 at 12, 20, 30, 40 and 50 psisa. '

May il - Calibrated fast response thermocouples 11 through 22»~"'i5:
sure and one minute between each millivolt reading.

May 12 - Calibrated thermocouples 23 through 33.
Fabricated brackets for installation of instrumentation on titanium tank
internal walls.

May 13 - Calibrzted Leeds & Northrup potentiometer prior to
completing thermocouple calibration.
Completed wiring to the magnetic amplifiers.

May 1L - Installed instrumentation brackets to the interunal
wall of the test tank.
Installing 30-channel events recorder for liquid level indicating systenm.

Received authorizatioa to:

a. add two addltional uelium pressurization tests to
the program,

b. modify two of the present series "A" tests, and

¢. extend the contract until 30 September 196L.
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Mey 15 - Instelled all instrumertation and wiring to the
internal wali of the test tank.

Calibrated fast response thermocouples 34 tizrough 45.

Installed tne vent and pressurization line to the vacuum bell and to
the titanium test tank.

Installed the vacuum bell dome over the test tank.

May 18 - Installed fast response therwocouples to the
instrumentation tree.

May 19 - Continued work on the new pre-pressurization system
and the instrumentation reke.

May 20 - At the request of NASA, a technical and adminis-
trative visit wvas made to Huntsville, Alabama. Topics of discussion
included;

a. Costs of Proof Pressure Testing the Titanium Tank

b. Refund Associated with Platinum Probes

c. PFinalize the Four Pending Contract Modifications

d. Costs Incurred to Date Versus Technical Performance

e. Stert Date for Testing

f. Additional costs that can be Expected to be Incurred
cn the Program

Installed pressure regulator in the pre-pressurization system.
Installed thermocouple wires for test tank hookup.

May 21 - Completed installation of Germanium probes on the
instrumertation trees.

Terminated ends of the thermocouple muiticonductor cable.
Wiring installed to all new valving.

May 22 - Installed Germanium probe &nd & fast response
thermocouple in the test tank outflow line.

Completed the pre-pressurization system to the third level of the
tower,

Instelled wiring between the patch panel and the magnetic amplifiers. '

ey 25 - Installed the instrumentstion rske in the test tank.

Instalied the thermccouple and pressure transducer in the pre-pressuri-
zation system,

Continued wiring effort for remote test operation.

Moy 26 - Installed flowmeter in the pre-pressurization system.
Installed the instrumentation cover plate on the vacuum bell.
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Repair damaged thermocouples on the iustrumeatation tree.

Completed all magnetic amplifier wiring.

May 27

- Completed the hookup of all intermal wiring to

the instrumentation tree.
Modifying control panel to accemmodste new velving.
Completed the circuit for the input to the 30-cnannel events recorder.

Completed the hookup of all thermocoupie -eads to the reference oven.

May 28 - Completed allwork in the test tank.
Installed the ullage pressure resdout line.
Installed diffuser with 3 fast response thermocouples in the test tank.

May 26

- Prepered instrumentation patch sheet with associated

instrumentation locations in the test tank.

Completed the relay panel and installed in the control console,
Completed the installation of the pre-pressurization system.
Compl'iﬁd installation of the pressurization 3-way valve.
Calibeated the three pressure transducers.

June 1 - Submitted Monthly Progress Report.
Ordered helium tuve trailer.
Completed all work on the liquid level indicating system.
Commenced with the instrumentation checkouts.

June 2 - Installed the titaniws tank manhole cover and
started all systews leak checks.

Installed vacuum pelli cover.

All systems checkout complete.

June 3 - Started the vacuun pumpdown.

Conducted the liquid nitrogen f1ll and drain checkout;the following
Problems were encountered:

al
bl

Ce

d.
e.

Pressure switch set to psig rather than psia.

Control to the pre-pressurization control valve

needed to be reworked.

The pre-pressurization regulator did not control
Sroperly.

The liquid level indicating system required resetting.
Chenges necessary in the pressurization control system.
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June 4 - Corrected all ,robiens encountered in the £ill - oo
operation. - :

Conducted ancther liquid nitrogen :ri.. osercztion.

June 4 - Discovered u leak in the vacuum Jjacket cover on
the flow coutrol valve.

Located leakage at the vent and pressurization flange on the vacuﬁm o
bell.

Small leakage was evident on the instrumentation plate.

June 5 - Repaired all leaks.

All systems ready for the liquid h;drogen compatibility test. The
1iquid hydrogen due Sunday night. L

Series "A" test run No. 1 echeduled for Wednesday, June 10.

June § - Received the 1iquid hydrogen as scheduled. Leakage
developed on tue No. L liquid hydrogea storage dewar at the burst disec.
While personnel were repairing the leak, lightening struck the heat .
tower with a fire resulting. Tvwo riuids mechanics were burned and
extensive dumage to the facility resuited. The liquid nitrogen hlugq_
system was used to control the fire. R

June 9-i2 -~ All liquid hydrogen was removed from the facilitv,
&nd an estimation of the damage was made. Plumbing on top of the
storage dewars was badly burned as was most of the wiring in the
storage wing. Twelve control valves had to be replaced. A large

crack in the No. 2 storage dewar vacuum jacket resulted and required
welding.

June 15 - July 22 - Rework of the facility to repair damsge
caused by the fire.

July 22 - Completed checrout of all systems in preparation
of receiving iiquid hydrogen. H

July 23 - Received liquid nydrogen and conducted a liguid
hydrogen compatibility test. FEncountered several instrumentation
problems. These areas were corrected snd all s,;stems made rezdy o
start run No. . on Tuesdny, July 23tn.

Jur, 27 -~ A bad electrica. storm over tne weekend opurced
up o transiormer and the vacuum gump te the storage dewers. Power
transferred to another transformer and the vacuum pump replaced. The
1iquid hydrogen due next day.

July 29 - The liquid hydrogen did not arrive until the end
of the shilv. Test scheduled for next day.
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July 30 - Started the fill of the test tank for Run No. 1.
The propellant flowmeter would not supply & readout. The test tank
was drained and the flowmeter removed. A wire was grounded on the
vacuum jacket. The flowmeter was reinstalled in the system and
checked for a readout. Indications were good,

July 31 - Conducted Series "A" test Run No. 1. Systems looked .
good.

August 3-9 - Reducing the test data from Run No. 1.

August 10-12 - Prepared test data to be sent to NASA. Started
correcting some problems evident in this run. ;

@. Pressurizaticn and vent gas flow rate set for %
| to 1250 CM. This problem was corrected. BN
| b. Liquid level indicators not playing properly.

} ¢. Problems with Channels 41 and 63.
‘ d. The three temperatures on Channels 83, 84 and 85
i vere not reading correctly.

| August 13 - Replaced the teflon gaskets at the vent and o
pressurization gas flowmeter. Used Florablue instead of Teflon material.

i Conducted Series"A" Test Run No. 3.

' August 14 - Instrumentation working a timing problem.

f The cannon connectors on the instrumentation plate were damp and
had to be dried out.

~ Conducted Series "A" Test Runs Numbers L and 6.

! August ] - Conducted the following test runs:

Series "A" Test Run No. 2
g Series "D" Test Run No. 15
| Series "D" Test Run No. 14
Series "A" Test Run No. 5

During run number 15 we could not malntain the 2100 GPM flow rate
85 required. With the propellant flow control valve wide open the
flow rate was only 1650 to 1700 GPM.

August 18 - Conducted the following test runs:

Series "A" Test Run No. 7
Series "A" Test Run No. 6
Series "A" Test Run No. &

During a preliminary check of the date it was noted that our propelliant
flow rate was increassed by a factor of 2. Investigated problem.

B R R e e gt e e
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August 19 - Investigation of the problem indicated that we
had a 75 millivolt reading at zero flow. Could not locate the cause,
but during the trouble shooting of the system, the problem disappesred.:

Waited for liquid hydrogen in order to continue testing.

Agfggt 20 - Conducted Series "A" Test Run Ho. 6. The
propellant flow rate wes still too high. Purther investigation
revealed a manufacturer's ground wes defective in the Foxboro flow
controller. Due to the fact that this problem existed in the previous
runs, it was decided to rerun all of the previous runs.

Conducted Series "A" Test Run No. 3. Run was good.

August 21 - Conducted the following test rums:

Series "A" Test Run No. 2 Run was good.
Series "A" Test Run No. 4 Run was good.
Series "A" Test Run No. 6 Run wes good.
Series "D" Test Run No. 14 Run wes good.

August 22 - Conducted the following test runs:

Series "A" Test Run No. T No Data on Tape e
Series "A" Test Run No. 5 Good Run o
Series "A" Test Run No. 7 Pressure Would Not Hold
Series "C" Test Run No. 11 Good Run

Series "C" Test Run No. 12 Good Run

Series "C" Test Run No. 13 Good Run

Series "A" Test Run No. 7 Good Run

August 24 - In preparation to conducting the external heat
flux runs, it was determined that the ignitrons in the ignitron
power controllers No. 1 and No. 15 were no good. Replaced these with
ignitrons from Controller No. 1b.

August 25 - Conducted Series "E" Test Run No. 18. Good Run
August 26 - Conducted the following runs: '
Series "E" Test Run No. 17 Good Run
Series "E" Test Run No. 16 Good Run
Series "F" Test Run No. 22 Good Run
Problems developed in the heat controller console so it wes decided P

to proceed with the 50 psia proof pressure test of the titenium tank
and then conduct the three 50 psia Series "B" tests.

August 27 - The titanium test tank was filled with liquid
hydrogen and then the pressure increased to 50 psia. The tank was
vented off after a stabilization period and the above operation repeated.

S TR Ty T AR e TR, o L ST
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The tesi tank was then prepared for the first of the three Series

"B" Test Runs. During pre-pressurization the opereating pressure (50
peia) was reached in 43.7 seconds. icter a 7.4 second stabilizcotion
the drain operation commenced. At T + 26.3 seconds the test tank
ruptured dropping approximetely 6000 gallons of iiquid hydrogen into
the vacuum pell. Extensive damage wus ceaused to the vacuum bell and
the heat lamp assemblies. The vacuum bell cover wag blown off tearing
the support plumbing throughout the tower. The 1iquid nitrogen
deluge system was =ctivated in the tower area and the possibility

of a ire was coatrolled while the liquid h,drogen in the vacuum bell
wvas vaporizing. The cause of rupture is unknown, but the data con-

cluded that there was no over-pressurization.

August 28 - Air Porce personnel conducted an investigation
of the damage.

August 31 - Started removal of the test tank from the
vacuum bell.

Beptember 1 - Removal of the test tank i1s complete. All
work in the heat tower is stopped until further notice.

_ September 7 - Due to the length of time involved to reduce
& test run on the Bendix G~-i5D Computer at Beech it was decided to
transfer the data to an IBRM tape for faster reduction.

September i2-13 - Started conversion of the present digital -
magnetic tape to an IBM Compatible Tape Format.

September 19-20 - Continued Tepe Transfer

October 3-4 - Continued Tape Traunsler
Ociober - Received all reduced dmta from NBS.

gseparate folders.

October 12 - Delivered all data to Contracts Administration
for delivery to NASL.

October 28-30 - In order to clarify some problem arsas in
the data aad to fluaiize the exicihkig contract, a trip was mede to H
Huntsvilie, Alabewsa. The itinerar; ol tuis tdh p lacluded:

2. Test Data Terminology

b. Titanium Tenk Informastion

¢c. Boiloff Rates

d. Test Report

e. Tour of NASA Bettleship Facility

f. Contractural Meeting
November O - Started writing Test Report.

166
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TEST PROCEDURE - Bssically all ftests in this program were
accomplished in the same manner, excepit for those recuiring eiteranal
heat appliceticn. The test tank was Jiiled with iiquld hydrogen until
liguid level sensor No. 48 indicated = covered condition. 4 short time
was aliowed for the level to drop delow this sensor and then pre-pressuri-
zation would begin. All recorders were turned on five (5) seconds prior
to »re-pressurization and allowed to run until the drain operation was
comnleted, Pre-pressurization was controlled by a pressure switch which
would autometically close the PPC vslive when the operating pressure
was attained. At this time the PPC switch was manually actuated in order
to hold the valve closed and to switch ihe automatic control to the
main pressurization flow control valve (PFC). The parameter for pre-
pressurization was 50 to 80 seconds, which was followed by a stabiliza-
tion period of 20 seconds maximum.

The drain operation was started by simultaneously opening the fuel flow
control valve, FFC, and turning the pressurizetion valve, PV, to the
tank position. Prior to this time the pressurization valve had been
turned to the vent position in order to bring pressurant gas up to the
required operating temperature. Propellant flow was controlled by a
Foxbore flowv indicating system which was menually operated to the
desired flowv rate.

Pressurization during the drain operstion was sutomatically controlled

by the ullage spece pressure switch. This switch actuated the pressuri-
zation flow control valve, PPC, from open to closed positions, depending -
on the test pressurization requirements. The Appendix "C" Pressurization
Control System Schematic will more clearl, explain this operation.

At the conclusion of the drain operation, a five (5) minute stabiliza-
tion period was allowed for the currents to come to rest and {or the
temperatures to stabilize. The recorders were then run for five (5)
seconds and then ail systems were secured.

The pre-pressuraut and pressurant gases were either hellum or hydrogea
for all test runs. Some of the tests reqguired tne same type zas for
both operations, while others consis.ed of voth aydrogen and helium.

For all helium applications the supporting facility was a tube traiier P
attached to the pressurization s;stem. The required helium gas tempers-
tures were either ambient or -300°F. Low temperuture control was
accomplished by the use of & liquid nitrogen heat exchanger. The
ambient temperature gas was taken directl, from the tube trailer.

The range of hydrogen ges temperstures, belng mcre widely spread, required
the use of & temperature controiler and six (6) lmmersion type heaters.
Through the use of this system, the liquid hydrogen was converted i.to

the desired operating gas temperature. As with the helium gms, &ii
ambient temperature gas was taken directly from a tube trailer.

Several runs required the application of external heat flux during the
testing operation. This phase of the procedure is veing covered in para-
graph 5.0
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TITANIUM TEST TANK INFORMATION - The titanium tank was ok
built to hold 7000 gallons of liquid hydrogen. It weighs 473 pounds, Lo
and has a mass-fraction ratio of 0.897. T

The tank was built using annealed sheets of 6Al-4V Eli-grade titanium,

supplied by Titanium Metals Corporation of America, to approximately 1/2 R
standard thickness tolerances. The guaranteed room temperature properties
of this sheet are 120,000 psi 0.2% yield strength; 130,000 psi ultimate

tensile strength; and 10% elongation.

For fabrication the same jigs and toeling used for aluminum and steel

vesgsels were used for titanium, with minor modifications. All welding
vas TIG, argon flooded for shielding, no filler, using high heat input
and a speed of 12 inches per minute. The entire welding was acoomplished
by one man in approximately three weeks total time. Welds were x-ray »

inspected.

The cylinder section was constructed from 0.025 inch sheet, 36 x 96 inches.
Longitudinal welds were staggered every 18 inches around the circumference. -
No stretch forming was needed. The sheets were simply draped over the
wooden form and welded. A wheel type jig was designed to make the
circumference welds. A channel was machined in its wall to carry gas .

to the weld.

The top and bottom closures are hemispheres which transition through a =~
45° cone to the tank cylinder. The hemispheres consist of 0.018 inch
gauge cone trapizoidal sections welded together to form an orsnge peel
pattern. §tress analysis indicated that the individual sections could
be tapered in thickness to save weight. They were chemmilled to a taper
from 0.018 to 0.014 inch. The sections were then stretch formed to shape
and size in a heated die fixture at about 1300°F, foliowed by & stress
relief at 1000°F and a descaling and pickling. Good joint fit up and
uniform clamping were accomplished through magnetic hold-downs under

the sheet sections and steel keepers directly above the hold-downs on
the top of the sheet. The entire weld zone was shielded with argon.

Titenium has complete compatibility with liquid hydrogen and is noted
at temperatures from -423°F to +200°F. Tae properties of 6Al-4LV Titaanium

are included in Appendices "H."

Following is a sketch of the titanium test tank which is used to demonstrate
tank dimensions and skin thickness at various locations. In addition a
chart is provided to determine the volume of liquid hydrogen at varous
roints in the test tank during operating conditions. These volumes were
calculated at ambient and at liquid hydrogen temperatures in addition

to the operating pressures which were required for this program,
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Tank Dimension
Symbol Inche
16,20
46,20
192.00
92,40 }
29.69
66,23 1
12.50
27.19
12.93

w >

UHKQEYMEOAO

Skin Thickness

__S%)l Inches

e e e : Sky 0.025

. - . — —— Skj, 0,01k

Y ! f il Ske 0.018
T\ ] ] j/ v A 0,025

Figure 1
6AL-4V T { !
DIMENSIORS AND SKIN THICKNESS
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P ;
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: TEMPERATURE, °F
E _ 68 °F =423 °F
PRESSURE, PSIA
é HStation 12 12 20 30 Lo 50
! 308.01 7371.80 7336.40 7351.10 369.50 7367.90
f 304.01 7362,00 7326.70 73L41.30 7359.70 7378.10
| 300.01 7333.90 7298,70 7313.30 7331.60 7349,90
1 296,01 7289,10 7254,10 7268, 60 72586.80 7305.00
292,01 T7229,50 7194 .80 7209,20 7227.20 7245.30
288.01 7156.60 7122.30 7136.50 7154, 30 T172.20
284,01 7072.50 7038,60 7052, 60 7070,30 7088,00
280.01 6978.70 6945, 20 6959.10 6976.50 6993.90
276.01 6876.90 6843.90 6857.60 6874.70 6891.90
T 272.01 6768.90 6736.40 6749.90 6766.80 6783,70
‘ 268,01 6656, 60 6624, 60 6637.90 6654 .50 6671,10
: 261,81 6ur7. 70 6uL6, 60 6459.50 6475.70 6491,90
ﬁ 69.81 904, 05 899.71 901,51 903.76 906, 02
65,61 T82.46 778.70 760.26 782,21 784,17
61.61 668,51 665.30 666,63 668.30 669.97
56.61 504,82 502.40 503,40 504,66 505.92
i 49,61 355.0h 353.34 354,04 354,93 355.82
4s.61 256,81 26L4.53 265.06 265,73 266.39
41,61 188,11 187.21 187.58 188,05 188,52
40,12 160.84 160,07 160,39 160.79 161,19
35.00 104,23 103.73 103.94 104,20 104,46
25.00 k1,53 41.33 L1,41 41,51 h1,62
15.00 15.97 15.89 15.92 15,96 16,00
12.93 14,53 1l 46 14,48 14.52 14,56
7.68 5.4ks 5.42 5.43 5. bh 5. 46
.00 .00 .00 .00 .00 .00
Note: All volumes in gallons (US).

Boulder stmospheric pressure was taken as 12 PSIA.

- : Figure 2
7000 GALION ;TITANIUM TANK VOLUMES
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EXTERNAL HEATING PROGRAM - The test runs numbers 16, 17, 18,
and 22 required the application of external heat_flux. The requirements
for the first three of these runs was 450 BTU/ft°/hr. Run 22 was made
with an epplication of 900 BTU/rt’/hr.

The radient heat reflector assembly which was used is located inside of i
the vacuum bell. This assembly is made up of sixteen (16) angular sezements, =~ H
cach with its independently programmed Ignitron controller, capable of

/A, T/T,and aerodynamic heeting similation control modes. These

reflector bands are 100 inches in diameter and each is twelve (12) inches
wide. Over 3400 clear quartz crystal infrared lamps are used to furnish :
heat to the test tank. During this program the lamps were four (4) inches
from the test tank skin, The heating capability for the system is 3,000
KVA fur five (5) minutes or 1,500 KVA continuous operation. The heat
imput is controlled by heat rate computers which are located in the
control room,

For this program the heating rate was determined by measuring the bdoil-off
rate and converting this rate to heat imput.

The heat rate desired was quite low, and control in the Q/A mode was not
practical as the curve follower error itself would have resulted in 40,
error ( or variation between heating tanks ). It was determined that

the heat imput could be controlled better by temperature sensing and _
limiting the voltage level so that the heating was nearly constant on . . . - %
any one heat lamp tank,

The temperatures are not that of the titanium tank wall, but that of =
ribbon thermocouple element bonded to the tank wall. The thermocouple
is electrically and thermslly insulated from the tank wall., The
thermocouple measures only its own temperature which is a function of
the radient heat imput and the thermal conduction of the bondinz agent,
It is assumed that the emissivity and the bonding is the same on each
of the control thermocouples.

The total heut imput is the product of the desired heat imput per square
foot and the total sidewall area heated by the lamps, The skirt and
transition zones of the test tank were not heated., The total heat imput
included the following;

1. Radiant and connective heat transfer to the test tank walls,

2. Conduction throush the skirt and connections fron the
vacuum bell,

3. Boil-off produced within the fill line %+o the test tank
from the FUEL FLOW CONTROL VALVE, (Entirely vacuum Jacketed)

The following pages contain calculations end graphical curves which were .
used to determine the proper applications of heat for this program.
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Radiant Heat Calculations:

Test Specimen: TOOO gallon titanium tank 2
Requirements: Radiant heat imput controlled at (a) 4SO BTU/Ft</HR. (b) 900
BI'U/Fte/Hr. on the vertical sidewvall of the test tank.

Wall Area:

2xRh

2n(46.2 1n)(16 ft)
2x(46.2 in)(194 1n)
92, bx(194)
17925.6 n
A= 56286.38 in
A= 391 £t

Heat of Vaporization: ( Compendium WADD Technicsl Report 60-56 Part 1 )
Quap = (214.8 Cal/Mole)(Mole/2.016Gm)(453.6Gm/#)(1PTU/252Cal)

Quap = 132 BTUZt

The Specific Heat: o
The specific heat (Cp) of hydrogen gas, approximately, from 100°R’
to 120°R is constant at 2.50 BTU/4 °R _

> e
H H 08

2

Totel Radiant Heat Imput Rate: o i

Qun = L30039L) - 2933 BTU/MAn

Heat Imput Celculations v.s. Boiloff:

Qym
Quap + CpAT

Assume equilibrium conditions at 15 psia and saturated liquid.

m =

(A) U450 BTU/th/Hr
Requirements: 2
Wall Area 2391 ft
4L50 BTU/Ft°/Hr
Qim 2933 B‘I'U/Min
Qvap 192 BTU/#
C 2.50 B'I'U/#’R

P
For T, = 95°R AT = 95-35= 60°R
_ _2 BTU/Min
b #/Min = Un = 192BTU/¥ + 250 BTU/F RI60°R)

QVAP + Cp AT

|
Um = Wap * Yas AT

= 8,89 #/Min




BEECH TEST REPORT

FR 13632 22,0
] ll-2 Bl g ,/5/65

Reslutant Boiloff = (8.89 #/Min)( éogfé; ) -”20) = 290 ft /Min

For T, = 60°R &T = 25°R

— 2933 BTU/Min (#) - 31.5 #/Min
192 BTU/# + 2.50BTU/#°R(25°R) 15 #

(11.5 #/Min) ( 3026’"? N 5ar) = 25k £63/Mtn

For T, = 35°R AT = O°R

192 BTU/f + 2.50 BTU/#°R = 15.05/Min

(15.05#/Min) ( éogzz ><;§§%> = 194 £t3/Min

For Tv =140°R &T = 105°R

BTU/min = c
192 B'w% ¥ 2.50m/$2RleS°R) 6.45 #/mtn

(6.45 #/min)( ‘%‘gg;‘ ‘égg") = 310 £t3/min

(B) 900 BTU/Fe® fHir,

(900)(391)
Qim = B e 5865 HI'U/min
60
For T = 35°R AT = 0°R
5665 BTU/min (3#)
= 31,6 #/min
192 BTU/# + 2.5C BTU/#°R (O°R)
100 ft3 35
(31.6#/min)( )( ) = 380 ft3/min
0.56 # 520
For T = 60°R AT = 25°R

5665 BIU/min (#)

= 23.0 #/min

192 BTU/# + 2,50 BIY/#°R (25°K)
3 7
(23.0 #/m1 )(A*'_"__fl)(%( ) = 47k £t3fmin
/min 0,567 _
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For T, = 100°R AT = 65°R

s 5865 BTU/min (#)
: = 16.6 4/min
192 BTU/# + 2.50 BTU/#°R (65°R)

; (16.6) ( )( ) = 570 ft3/min
1 0.56 # 520
For T, = 1kO°R AT = 105°R
5865 BIU/min (#)
s = 12,9 #/min
; 192 BTU/# + 2.50 BTU/#°R (105°R)
| 100rt3 140
(12.9¢/m1)( )( ) = 622 £t3/min
' 0.564  s20
{ For T = 50;R AT = 15°R
| 5865 BrU/min ()
= 25.6 #/min
192 BTU/# + 2.50BTU/#°R (15°R)
100rt3 50 3 1
( 25.6 #/min)( )( ) = L40 £t7/min
0.56# 520
For T, = 80°R AT = 45°R
5865 BIU/min (#)
; = 19.2 #/min
f 192 BTU/# + 2.50BTU/#°R (L5°R)
| 00t 8o
| (19.2 #/min)( )(—) = 527 £t3/min
-l 0.56 # 520
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STABILIZED VENT I'LOW RATE V.S, VENT GAS TEVMPERATURE
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3 6.0 LIQUID HYDROGEN GAS DIFFUSFR - The pressurization ond orew

pressurization eeses comming irto the test tank were distributed through
a screen diffuser at the top of the test tank. The purpose of this
diffuser was to minimize the inlet velocity and disturbances.

The diffuser used for this program was fabricated from 304 stairloss
i steel, The screen was of 26 gage perforated stainless sheet with 0,033
inch diameter holes on 1/1f inch centers. These holes were stagpered.
Following are the calculations of the diffuser screen openings and the
screen hole pattern:

0.033" diameter holes on 1/1C" centers staggered.

Area of screen is: A = xn(R; + Rp) vh2 + (Ry +R2)2

A= n(3.15 + 3.95) \/ (2.0)2 + (0.80)2
A= n(7.10) \ 4.6k
A = 48,2 1n2
Total area of openings: Screen H ole Pattern
& = (0.033)2 F (14)(16)(46.2) @6 holes —
o b} [0 OO
a=9,2 in 1k 00000 1
holes 1$ch

<1 inch —

: Diffuser Gas Velocity Cur ve

The following performance curve was made to show the gas velocity
versus th mass flow for various temperature pressurant gas. The broken
i lines were addec to show the effect of the hirler tank pressure on the
F mass flow rate, A second scale was included for the mass flow rate of
helium gas.

If the assumpticn is made that the volumetric flow of the pressurant
gas must equal the volumetric flow of the liguid, the V* indicates the
flow rate for a 40 second drain time,

. VPA
The formula used fro the plot is: m= R

where:

mass flow rate ( pourds/second )

gas velocity ( feet/seccnd )

static pressure ( psia )

total openins area in screen ( ine )
gas constant ( fcet/°R )

gas temperzture ( °R )

T

HX P8
L T A
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f PERFORMANCE OF DIFFUSER
if ON PRESSURIZATION LINE OF THE 7000 GALION TEST TANK
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V* = Velocity of gas with no heat transfer during 400 second drain.
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LIGUID HYDROGEN GAS DIFFUSER
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also insignificant. Therefore, setting Qk = Qr = O the energy balance
equation reduces to:

TR TR Ay

% = Q

This equation when written in terms of the temperature difference and & ‘h
essuming the gas and thermocouple parameters are constant shows that

: the time constant 77, is the time interval required for the junction to
|

}

respond to 63.2‘¢,of the step change in temperature of the media surround-
ing the couple. The time constant 7, is defined by:

7 - e‘#%f' where
hA

,\ Pv = density of the thermocouple wire
cv = gpecific heat of the thermocouple wire

= volume of the thermocouple wire

v
A = surface area of the thermocouple wire
h

= heat transfer coefficient which is further defined as:

T ————

h = M where

D
D = diemeter of the wire

Assuming a gams velocity of 5 feet per second and solving the above
H equation for /7, resulted in time constants of 0.149 for hydrogen gms
l and 0.817 for nitrogen gas under the conditions of these tests, The
‘ actual velocity of the convection currents in the experiment were not

measured and the five feet per second was arbitrarily taken in order to
' define the response parameters,

A step function of temperature in a non-flowing gas requires that the
sensor be moved from one temperature region to another or that the sensor
be conditioned to an "artificial” temperature in place 4{n the reference
gas. It was desired that the ullage gas be as undisturbed as possible and
; rapid movement between regions would produce both gas velocityand higher
’ than normal initial response. The conditioning may be done by heating or
’ cooling the sensor to a non-equilibrium temperature, This had been done
Previously by passing a current through the sensor to heat it to an unknown
temperature but this involves switching the sensor fram a voltage source

J to a galvanometer and the initial response is lost during the switching time.
After considerati.n of the actual test conditions it was decided to condition
the sensor in the saturated liquid; move it to a second position in the
— warmer ullage gas several inches above the 1liquid, The stratification was

5 found to be extremely stable in a closed dewar and provided excellant

theimal conditions. This also simulated dreining of a test liquid %o .
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FAST RESPONSE THERMOCOUPLE DEVELOPMENT - The thermocouple devel. p-
ment program was initiated after an unfruitful search for a suitable
thermocouple to measure ullage gas temperatures. The tests required a
temperature sensor with a time constant of two seconds or lesas in hydrogen
gas at two atmospheres pressure and cryogenic temperatures. Commerically
avellsble sensors of the resistance type were not considered because of
the problems introduced by long instrumentation leads (60 feet) and also
relatively high mass of the sens_r element, Most time response data on
temperature sensors is for high heat capacity fluids or for gases at
relatively high velocities, Previous work indicated the sensitivity of
thermocouples fabricated from small diameter wire and work began to optimize
the decign and determine the time constant for these specific conditions,

In order to obtain a fast response from a temperature sensor the heat
capacity of the sensing element must be small in relation to the heat transfer
to the element, Considering the heat capacity and thermal conductivity of
low density gases it is obviocus that a sensor element must be made with as
little mass as possible. Also, the element must be thermally isolated from
its supports. The first of these requirements is met by a small Adiameter
thermocouple wire as the only mass involved is the mass at the junction of
the dissimilar metals, The second requirement is met by making the leads of
sufficient length that the heat conducti.n down the leads is small and
assuming that the leads adjacent to the junction are subjected to the same
thermal conditions. Other sensors were considered but were found to massive
for fast response in low density gases. The mounting requirements were
generally massive and too close in thermal proximity to be c.onsidered
acceptable.Platinum wire resistance probes were considered but require a
four-wire lead system to eliminate the error due to lead resistance changes,
Also the sensor element "averages” the temperature between the sensor wire
supporta, vhich is affected to a considerable degree by heat transter t
the supports. It is obvious thet the smallest thermocouple wire used will
give the fastest response time. This program was restricted at the onset

to a vire size considered large enough to withstand gas velocities up to

30 feet per second.

The rate of response of a thermocouple to a step change in the temperature
of the surroundings is essentially a heat transfer problem, The energy
balance of the thermocouple Junction may be written as:

(;),!.4»0,‘(4’0'(:«=Qs where:

i3 the rate of heat transfer from enviroment to the Junction by
means of radiation,

Qx is the rate of conductive heat transfer.

Qe 18 the rate of convective heat transfer (the junction is assumed
to have a finite length, for practical purposes includes segements of the
vires of finite length).

Qs is the rate at which heat is stored in the Junction,

For purposes of simplification we will assume the thermocouple to be
cylindrical and of sufficient length that Qg becames insignificant. As the
absolute temperature of the radiating surfaces are relatively low, Qp is
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below & sensor which leaves the sensor wetted and the resultant "dryiag"

time of the sensor was also of interest for this program. After the sensor

is moved to thne ghs space the wire dries off, during which the senscr remalns
stable at the saturated liquid temperature. The start of warmup is assumed

to be the point at which the sensor is no longer cooled by the vaporizing
liquid. This point can be used as zero time for the response time in gas only.
The response time presented in the date includes tais “drying"” time which is

e runction of shape, orientation, and wettapility ot the couple as well as

the heat of vaporizatlion of the liguid.

The cryostat, Figure 9, used for the testing program was & 35-liter Hoffman
liquified gas dewar. Extensive modifications were incorporated, which con-
sisted of a movable travel rod, a set of limit switches, four liquid level
indicators, and a reference probe. Pixtures were installed to enable fill,
vent, and pressurization procedures. A pressure switch was utilized in
order to ocalibrate thermocouples under pressurized conditions.

Using these systems and the supporting test equipment as specified in Figure
10, the epparatus allowed for the fast response testing and calibration of
45 production type sensors in addition to many experimental models.

The proecedure used to perform the fast response thermocouple testis was con-
ducted in the following manner. The cryostat was filled with the desired
test media until the No. 2 liquid sensor indicated a covered condition.

Both the test probe and the reference probe were then irmersed in the ligquid
and allowad a five-minute stabilization period. At the couclusion of five
minutes the millivolt output for bLoth probes were read and recorded. Both
probes were then raised to a gamseous media and the above stabiiization time
repeatad. The millivolt output of both probes is thnen agalin read and recorded.
At this time the test probe 1s lowered into the liquid and allowedld i'ive
edditional minutes to staoilize. The recorder is tien started and the test
prove is raised to a gmseous media. Each thermocouple was tested for ten
runs and the average responce time then evaluated.

The first type test probe which was tested was & teilon bracket slingshot
thermocouple that NASA has used satisfactorily in liquid oxygen. The response
time for these probes was very poor and efrorts were concentrated on the tab-
ricetion of various other types, each exprescing some of the ideas wnich it
was felt might be influencing the respcunse of the thermoccuples. Followin

is a 1list of the ideas wnich were derived and tested:

1. The thickness of the teflon slingshot frame.
Results: The mass derinitely increased the response time considerably.

2. A slingshot frame rabricated with 13 gauge culcon thermocourle wire.

Results: Much faster response and provided besis for the final produce
tion-type probve.
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Dimensions of slingshot frame. f =

Results: One, two and three-inch square lrames were tested, with the
three-inch model producing & 1.1 average time constant. In
comparison the average time constants were 2.0 and 5.0 for the i § -
two-inch and one-inch models respesctively. ' o

Thermocouple junction weld.

Results: The ,uactions of taermocouples of good response were broken
and rewelded. The response time of the re-welded thermoccuples
was within 2% of the originul concept. It was noted the thermow
couples with excessive wire brotruding past the weld providad.
slow response times. o

The location of welds on lead wires in relation to the frame.

Results: On the teflon frames, a weld on the outer edge of the probe
rather than on the inside edge resulted in a 10% increase in
response time.

Results: Thermocouples with the sunction formed two inches above the T et
vertical arms of the frame provided cinsiderably faster respcnse
than junctions forming a larger angle. .

Relation of the thermocouple to the horizontal during testing.

Results: Thermocouples tilted tc a 30° to 45° angle above the nori-
zontal during testing provided approximatel; a 25% dacrease
in respouse time.

Eflect of insuwlation and varnish on the thermocouple wire.

Results: The bare wire provided a mucn faster response time and further
testing revealed that the removal of the insulation from the
arms of the freme resulted in an additionmal 84 to 10% time
constant decrease.

Cleaning of the thermocouple wire at the gunetion,

Results: A elight response change was evident. o

Travel of probe being removed from iiquid.

Results: During testing the probe traveled approximately eleven (11)

incies. For the most satisfactory response the time, for the
probe to travel this distance, was 0.5 second to 0.9 second.
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At the conclusion of testing tae thermocouple, as demonstrated in Figure 8, :
was selected, based on these results. R

FINAL RESULTS

At the conclusicn of the test program forty-five (45) thermocouples were isofeilis
structed based on the results of the preliminary models. Response tests and
calidbrations were made un each of these thermocouples. Calivrations indica-

ted an output versus temperature fwiction very c.ose to that of Powell, Caywood
and Bunch although there was a derinite ofrset from the relferenced curve.

The respounse of all thermocouples was in excess of 63.2% 1n two (2) seconds

for a change frem liculd nitrogen to &as. The time constant, for the res X
in nitrogen gas (subtracting the "drying” time) is approximately 1.10 secont
The time constant for the same response in hydrogen gas was approximately
second. The sensor in the outflow line was subjected to gas velocitiss of
about rifty (50) feet per second during each of the 35 cool-downs and liquid -
velocities up to thirty-two (32) feet per second. This sensor failed on the """

35th £11l operation. All other themoccuples Lasted for the duration of the o
tests. Lt

Further information as to this test Program is available in a paper sntitled,
"Fast Response Thermocouples for Measurement of Temperatures in Cryogespic
Gases,” by C. C. Robinson, T. Bielawski and A. R. Lowrie. This paper vas
presented at the National Aeronautics and Space Administratioq Liguld Hydroe e
gen Symposium in Huntsville, Alabama on Jaauary 19 and 20, i35. T
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FAST RESPONSE THERMOCOUPLE
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THERMDOOUPLE TEST SETUP SCHEMATIC
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DATA PROGRAM

The data on this test was taken in three separate systems. Tue Ifirst system
was sixtesn (16) oristol recorders which were used to measure sikin tempera-
tures. These thermocouples were patched through a 150° reference oven and
wired directly to the recorders. The system is a permanent type and the
recorders were built specifically for this purpose. The vaper and tre re-
corders were scaled in order to enable data reduction Tor the Drogram.

A brush events recorder was used to supply the ligquid level indications as
ere called out on tue Instrumentation Channel Assignments (Appendix G). In
conjunction with the liquid level indicators, a switch trace of PFC (Puel
Flow Control Valve) was provided. The date on tlds recorder is of the go-no-
g0 type. This 1c to say that there is either a trace or a blank. A trace is
used to indicate a liquid condition while a ovlank will indicate the area is
in a gasevus state. One-tenth (1/10) watt caroon resistors were used to pick
up the liguid indication.

The third system was the data computer program wiiich was written to enable
Beech Aircraft Corporation to reduce data from the MTA manetic tape through
the use of the G-15D computer. Due to the large amount of time involved to
print out this data, it was decided that the information would be trans erred
to compatible IBM tapes for date reduction on the Naticnal Bureau of Standards
Digi-Data tape writer. The rinal typeout was in engineering units and decimal

oy

form, while the 93 channels of information were supplied once every 0.5 second.

The ninety-eight channels used in the camputer program were deivided as
rollows:

Channel ) - Time

The time is provided for relative timeleepinz on the data and does not neces-
sarily indicate test time. It runs freely urtil it reaches approximately
7200 at which time it resets and starts over. Tals could oecour in the mid-
dle of a test run. Actual test start is ascertained by valve switch traces.

Channels 2 and 3 - Zeroc and Full Scale Respectively

The zero and full scale are used for checking the data system. The optimum
values for these are zero = 0000 and full scale = 4800. As long as these do
vary more than 50 counts there is no data problem.

Channels U4 through 43 - Germanium Thermometers

These channels provide the output from the germenium probes which read
directly in degrees Kelvin. The probes had & log/log range ovetween 20°K and
4O°K with & sevarate calibration curve Jor each prove. The accuracy obtained
with curve approximation was 0.2°K between this range. An over range of a’
channel ig indicated by a minus (-) sign as was the case of the germanium
probes when the temperature reached 40°K plus. : :
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Channels 44 thrcugh 93 - Fast Kesponse Thermocouples —

These channels proviaed a range or 20°K to 273°K. The calibration cats indi-
cated a #2°F variation betwcen all foriy Jast response therumocoupivs witi &
response time of less tuan 0.6 second .or 6% oi the total cisage. These
probes all used a coumon calioraticn curve waich was derived from average -
millivolt readings during individusl thermoc-uple calibration. The zccuracy
was better then 1% in the renge of these probes and since the reference over
provided the largest zrror, yet was the best available, it was decicea that
& common curve could oe used.

Channels 84, 85 and 36 - Temperatures (Linear)

Theze temperatures were for the buildup, preovressurization, aand pressuriza- o
tion-vent gas. They were standard thermocouples with linear relationship to -}
the physical phenomena. The readouts werc in desrees Kelvin,

Channeiz 37, 88 and 89 - Pressures (Linear)

These pressures were :'or ullage, prepressurization, end pressurization SBB .
All readouts were in psia.

Channele 90, 91 and ©2 - Flow Rates

These channels provided the pre-gressure, pressure-veant, and propellant flow
rates. The gaseous “lcws were suppliel in CrM, whiie the 1licuid flcw was in
GPM.

Channels 93, 94 and 95 - Valve Switch Traces

These channels indicated the position oo the rollowi.g vaives, A reading of
O to 75 indicates that the valve is closed, wiulle & 150 to 5000 reading indi-
cates an open position. The valves czlled cut were (PV) pressurization valve,
(FFC) fuel flow control valve, and (PPC) sre-pressurization control valve.

Channels 96, 97, 98 and 99 - Liquid Levels

These liquid levels were senscrs No. 3, 10, 44 aad 43 respectively. Reauings
of O to 75 indicate a ~iquid condition, waile readings cf 150 tc 5000 iuulcate
that the sensor is in = .msecuc state.

The following is a sample of a printed data sheet demonstrating the reduced
data as received Iroum the Digi-Date tape writer.
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Time = 1155.2 Zero Reference = 34 Full Scale Reference = 4317 -
Canl.| Temp. fhnl.| Temp. Canl. | Temp. Conl.! Temp.
4 20.2 5 20.1 6 20.2 7 21.0
9 20.3 10 20.3 11 20.2 | 12 20.0
e 20.1 15 -+1.0 16 -41.,0 17 20.1
19 -41.0 20 -41.0 21 -41.0 22 -41.0
24 -41.0 25 -41.0 26 -41.0 27 -41.0
29 -41.0 30 -41.0 31 -41.0 32 -41.0
34 -41.0 35 -4i.0 36 -41.0 37 -41.0
39 -41.0 40 -41.0 41 -41,0 42 20.1
44 20.8 45 20.4 Lo 20.4 e 20.4
Lg 271.9y 50 20.4 51 20 .4 52 20.4
54 23.6 55 20.4 56 20.4 57 20.8
59 22.9 60 23.3 €1 20.4 62 20.4
o4 70.7 65 162.2 66 9.0 67 84,8
69 20.4 70 90.5 71 92,4 T2 9.5
T4 9.4 75 95.0 76 100.2 17 9.4
79 95.8 30 87.6 31 98.1 32 93.3
84 332.7 35 105.3 86 113.8 87 3.1
39 8.1 g o) 1.5 ¢l 338.0 92 1065.0
94 3542.0 95 46.0 % 120.0 97 yoolk 0
29 LOg4.0
3.0 ; TEST RESULT. - Toe foilowing pases contain samplings of data

taxen Irom the naguetic tepec anc he sU-Cididicl evedis recoraings.

Levels). While tnis information does nuv suppiy a detailed account of tue
test run, i1t does give au iudication or some of the required cperatlng pura-
meters. Since dats anel;sis was not requirec per coatractual agreement, this
report 1e pot interdew Jor tauat purpcse uvut the Appenudx "K" woes include some

-

Cr the iinalized curves anau piots whic: were supplied o KASA after data

analysis.

A run eheet Las Leen provided ror test rw ac. 3, which ccoteins only the

All data un tnemagnetic tapes was very erratic
due to a timing problem and much of the data is yuestionable.
pressurant and pressurant 4as temperatures, tne opereting pressure, and the
flow rate of propellant appeared within specificatious.
of this run could possibly supply some informetion, but a problem would exist

liquid level sensor response.

as to just where 1u the test run the readings occurred.

The data for Test Run No. 8 is included up to the point of the tank rupture.
Since this was the “irst 50 psia test run, there will not oe a comparative

source of data.

Tne pre-

A closer apalysis

(Licuid
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The following general information is pertinent to this test program: -

(1) The 11iquig temperatures, which wvere ceterwined by the germar.ium
thermemeters, crly indicated between the ranges of 20°K and 10°K.
Any temperetures wkhicn were warmer toan 40°K still indicated this
reading.

(2) The duratiou of the drain operution wes estimaied from the ores-
surization valive switelh trace (?V) rataer thun from the fuel ficw
control valve (FFC) switch trace. The remson for this beingz that
the response or the FRC valve was slightly slower and for testing
purposes both valves were actuated sl caneously.

(3) The three pressurization trensducers varied approximately 2 psi at
stabilized conditions. This variation was slightiy more during Ilow
conditions.

(%) At the econclusicn of each run the recorders were operated ror 5
seconds after a S-minute stabilization period.

(5) During Run No. 1 the pressurization and vent gas flow rate range
was set‘at 750-1250 efm. For all other runs the iow range was at
zero.

(6) Liquid level senscrs 5 and 7 did nct resond properly for any of
the test muns.

(7) ALl vacuum pressure readings supplied in tliis brozrem were from
visuml observatio .

(.8) The test tank external skin temperatures were supplied on the
Brietol Tempereture Recorders. The recorder speead was 2.5 inches
per minute. Rec srdings were su,plied to NASA.

(9) Chanrels tret were discconnected “rom the commutator were called
out on the following run sheets.

(10) Temperature variations for operating -ases could be due to sys=-
tem conditicns from the previous run. 3Jeveral of the runs were
ccnducted in a clese proximity of time.

All 1liquid hydrogen used in this orogram was suaranteed $5% parahydrogen
according to MIL Specirfications P2720L.,
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Date Test Conducted:

Run Number 1

31 July 1964

Pre-Pressurant Gas
Pressurant Gas
Operating Pressure
Pre-Pressurization Time
Stabilization Time

0°F Hydrogen

100°F Hydrogen

30 psig

61.3 seconds
10.5 seconds

Drain Time 363.1 seconds
Ullage (Prior to Pre- 5%
Pressurization)

Pre-Pressurant Gas Temperature

Time

Ullage Pressure at Completion of Pre-Pressurization 30.

Drain Operatien

Time

0

10

60
110
160
210
260
310
360
363.1

Response

HESSElEKlB3E
++++ o+

Sensor

Temperature
272.4°K 30.8°F
283.4 50.6°F
287.0 57.1°F
287.0 57.1°P
284.6 52.6°F
283.4 50.6°F
281.0 46.2°F
281.6 47.2°F

0.4

Pressurant Temperature

Sensor No.

L8

198.2°%k -102.9°F
233.2 -30.9°F
262.6 13.0°F
263.6 14.9°F
264.8 17.0°F
267 .4 21.T°F
267 .4 21.7°F
269.9 26.2°F
269.9 26.2°F
269.9 26.2°F
Time gsec.g

Ullage Pressure

(App. 6998.9 Gallous)

psia

Volume (Gal.

29.9 psia

30.7
31.
31.
31.
31.
31.
32.
32.

NN PRPOEFENOW

5

)

Uncovered Prior to Start of Drain

Flow Rate (GPM)
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Sensor No. Time (Sec.) Volume (Gal.) Flov Rate (GPM) -
48 to 4k -
kh to 10 Response was not Correct
‘ 10 to 3 267.6 4875.3 1093.1 o
i 3 to empty 65.0 1165.1 1078.8 T
After 5 Minute Stabi.ization
Ullage Pressure 31.5 psia
Temperature at Diffused 262.9°K 13.8°F
Temperature at 150" Level 195.3°K -108.1°F
Temperature at 30.81" Level 20.3°%K -423.1°F
i Temperature at Qutflow Line 38.2°K -390.9°F
|
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Run Number 2
o Dite Test Conducted: 21 August 1964 o
Pre-Pressurant (as 0°F Helium
Pressurant Gas 0°F Hydrogen
Barometric Pressure 621.70 RCIRT T
. Operating Pressure 30 psia e
Pre-Pressurant Tine 7.2 seconds
Stabilization Time 3.5 seconds
Drain Time 400.4 seconds
Ullage (Prior to Pre-Pressurization) 5% (App. 6995.¢ Gallons)
Pre-Pressurant Gas Temperature
Y
Tine Temperature
T+ 0 263.9°K 15.4°F
T+ 10 269.6°K 25.8°F
T+ 20 263.6°K 1k.g°F
T+ 30 263.3°%K L.5°F
T+ 40 267.1°%K 21.1°F
T+ % 253.1°K 5.0°F
T + 60 2k3.5°%K -12.2°F
T4+ T0 262.3°K 12.7°F
T + 79.2 258.7°K 6.1L°F

Ullage Pressure at Compietion of Pre-Pressurization 32 psia

Drain Operation

Time Pressurant Temperature Ullage Pressure
T+ 0 212.7°K -76 6°F 32.1 psia
T + 10 231.9°K -42.0°F 31.2 peia
T + 34 241.3°%K -25.2°F 31.3 psia
T + 59 24k, 1°K -20.1°F 31.0 psia
T + 84 247.1°%K -14.7°F 30.9 psia
T + 109 248.1°%K -12.9°F 32.0 psia
T + 134 2h8.1°K ~12.9°F 31.3 psia
T + 159 250.2°K -9.2°F 31.7 psia
T + 209 251.2°K -7.3°F 3i.3 psia
T + 259 249.8°K -9.8°F 31.3 psia
T + 309 251.2°K -7.3°F 31.3 psia
T + 359 252.2°K -5.6°F 31.4 psia
T + 379 25C.3°K -8.0°r 31.8 psia
T + 389 252.5°K -5.6% 32.0 psia
T + 399 251.8°K -7.8°F 31.7 psia
T + 400.4 252.2°K -5.6°F 31.8 psia




| 'BEECH TEST REPORT
| Beech Aircraft Corporation — Enpvironmenta! Test Lchcratories FR 13632 A bs.0
‘1 ﬁ ] m— |Issue Date Revision Dates
| | 11-25-64 "A" 5/5/65
L Run Number 2, Continued...
[
EL Sensor Response During Drain —
;f Sensors Tine (Sec.) yolume (Gal.) Flow Rate (GPM)
L
42 to 34 13.1 219.7 1014 i
.2 3 to 22 19.7 339.9 1103
F 22 to 10 19.1 348.2 1101
' 10 to 9 4o.1 69%.5 1043
_ 9 to 6 119.7 2039.4 1043
: 5 to b 79.4 1393.0 1053
4 to 3 4 696.4 1038
3 to 2 38.4 695.4 1083 .
v 2tol 23.8 395.2 996 b
1 to Empty 5.6 4.5 797 L
Sensors No. 5, 7 and 8 did not respond properiy.
Sensor iesponse During Pre-Pressurizetion
‘P 8ensor out of Liquid
: Seusor No. (seconds After Start of Pre-Pressurization)
? L6 1.6
k3 16.2
h2 1.0 (After Start of Drain)

R aunms oot

After 5 Minute Stabilization

L Ullage Pressure 30.7 .sia

§ Temperature at Dirfuser 219.6°K -64.2°F
} Temperature at .50" Level 292.0°%K -112.3°F
| Temperature at 30.31" Level 42.7°K -332.6°F
r Temperature in Outflow Line 50.7°K -368.2°F
[
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L RUN NUMBER 3
E = Dete Test Conducted: 20 August 1964 _
fj Pre-Pressurant Gas O°F Hydrogen
T Pressurant Gas -100°F Hydrouen
; Barometric Pressure 617.50 e ﬂy,_
&H Operating Pressure 30 psia T -
. Pre-Pressurization Time 00 seconds
Stabilization Tiuwe 9.2 seconds
Drain Time 399.5 seconds
Ullage (Prior to Pre- %% (App. ©998.9 Galions)
L Press.)
f Sensor Response During Drain
Sensors Time (Sec Volume(Gal.) Flov Rate (GPM)
i 34 to 22 18.3 339.9 1084
22 to 10 19.4 348.2 1073
1 10 to 9 40.6 69%.5 1030
| 9 to 8 40.0 656.5 985
y 8 to 6 80.8 1392.9 1030
? 6 to b 79.8 1393.0 1050
' b to 3 40.3 69%.4 1035
! 3 to2 37.9 695.4 1098
§ 2tol 23.6 395.2 1010
1 to Empty 5.8 Th.5 120
[ Sensor numoers 5 and 7 not respondiug properiy.
Sensor Respouse During Pre-Pressurization
Sensor Qut of Liquid
Sensor No. (Seconds After Start of Pre- -Pressurization)
46 1.4
Ly 2.7
43 4.8
42 7.6
34 i2.2 (After Start of Draiu)
Vacuum Readings
Start of Pre-Pressurizatiou 4O Microus
End of Pre-Pressurization 1500 Microus
T + 6 seconds 2200 Microns
T + 400 seconds 2500 Microus
NOTE: The above data was taken from the Brush Recording. The timing on
| magnetic tape was not correct and data questionable. Following
| samples taken during run: . . -
h Pre-Press. Gas Temp. 287.6°Kk 58.1°F

8 Pressurant Temp. 204.1°K  ~92.4°F
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Run Number 4

E - Date Test Conducted: 21 August 1964 —H
( Pre-Pressurant Gas O°F Hydrogen
Pressurent Gas -200°F Hydrogen
Barometric Pressure 621.70 , .H,
Operating Pressure 30 psia B |
Stabilization Time 8.9 seconds
Drain Time 403.0 seconds

Uliage (Prior to Pre-Pressurization) 5% (App. 6998.9 Gallons)

Pre-Pressurant Gas Teamperature

r | Pre-Fregssurization Tiue 64.6 seconds
\
|
[
|

Time Tewperature
T+ 0 135.4°k  -125.8°F
T + 10 138.0°K =211.2°F
T + 20 126.5°%K =232.0°F
T+ 30 127.6°K  -229.8°F
T + 40 137.0°K -212.9°F
T+ 5 139.0°K -209.2°F

| T + 60 136.4°K  -214.0°F

! T + 64.6 134.9°K -216.7°F

L Ullage Pressure at Completion of Pre-Pressurization 31.7 psia

Drain O»eration

| Pressurant Temperature Ullage Pressure
Time °K °F pela

} T+ 0 221.5 -60.3 31.9

i T + 10 193.5 -111.2 31.4
T + 20 132.5 -131.0 30.7
T + 45 166.3 -160.1 30.7
T + 70 160.4 -170.3 31.2
T+ 95 153.6 ~174#.0 1.1
T + 120 154.9 -130.7 314
T + 170 154.9 -130.7 3L.2
T + 220 154.5 =13L.4 31.7
T + 270 155.4 -179.8 3L.7
T + 320 154.9 -180.7 31.6
T + 370 155.8 -176.1 1.4
T + 388 154.5 -181.h 31.3
T+ 3 154.0 -152.0 314
T+ L2 155.4 -179.3 31.5
T + 403.6 153.5 ~ 35k 31.3
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Run Number 4, Continued...

Sensor Response During Drain

Sensors Time (Sec.) Volume (Gal.) Flow Rate (GPM)
43 to k2 1.9 25.5 807
42 to 3U 12.5 219.7 1062
34 to 22 19.3 339.9 1060
22 to 10 19.4 348.2 1080
10 to 9 39.9 69.5 1045
9 to 8 39.9 656.5 1038
8 to 6 80.2 1392.9 1044
6 to 4 80.2 1393.0 1044
L to 3 40.8 696.4 1021
3to2 38.5 695.4 1082
2tol 24k.0 395.2 989
1 to Empty 5.7 Th.5 798
Sensors 5 and 7 did not Respond Properly.

Sensor Rumge Durigg Pre-Pressurization

Sensor ¥o.
4.
4
L3

Vacuum Bell Pressure

St "acE

11-25-64

REv'S ON CATES

uAn 5/5/65

(%)

8ensors Out of Liquid Ry
(Beconds After Start of Pre-Pressurization) i ]

1.7
6.3
1.3 (After Start of Drain)

Pre-Pressurization 60 microns
Start of Drain 500 microns
Middle of Drain 500 microns
After 5 Minute Stabilizad on r
Ullage Pressure 31.5 psis
Temperature at Diffuser 143.3°%K -201.4°p
Temperature at 150" Level 140.3°k -206.0°F
Temperature at 30.81" Level 43.0°k -382.0°F
' Temperature in Qutflow Line 51.2°K -367.3°F
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Run Number 5

Date Test Conducted: 22 August 1964

Pre-Presgurant Gas -300°F Helium
: Pressurant Gas -300°F Hydrogen
i Barometric Pressure 620.50
f Operating Pressure 30 psia
Pre-Pressurization Time 54.2 seconds
| Stabilization Time 12.4 seconds

Ullage (Prior to Pre-Pressurization) 5% (App. 6998.9 Gallons)

Pre-Pressurant Gas Temperature

r— T -

l Drain Time LOT7.7 seconds
|
|
]

Mmture
Time °K °F
T+ 0 259.7 7.9
T + 10 223.0 -58.
T+ 20 198.6 -102.0
3 T+ 30 163.1 -166.0
T+ ko 130.2 -225.1
T+ 5 105.3 -269.9
T + 54.2 9.1 -293.7

Ullage Pressure at Completion of Pre-Pressurization 31.1 psia

Drain Qperation

Pressurent Temperature Ullage Pressure
Time °K °F psia
T+ 0 198.6 -102.0 31.7
T+ 10 154.0 -182.3 30.1
T + 20 140.5 -206.6 30.2
T + 45 117.1 -248.7 31.0
T+ 70 113.7 -254.8 31.1
T + 95 114.8 -252.9 30.6
T + 145 110.7 -260.2 30.6
T + 195 113.7 -25%.8 30.3
T + 245 113.1 -256.0 30.7
T + 295 113.1 -256.0 30.6
T + 345 110.1 -261.3 30.7
T + 395 110.7 -260.3 30.5
T + 406 108.4 -264 .4 30.7
T + 407.7 110.1 -261.3 30.6
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Sensor Response During Drain

Sensors Time (Sec. Voiume (Gel.) Flow Rate (GPM)
43 to U2 1.8 25.5 850
L2 to 34 2.6 219.7 1042
34 to 22 20.0 339.9 1020
22 to 10 19.3 348.2 1015
10 to 9 40.3 696.5 1022
9 to 3 40.5 656.5 gr2
8 to 6 81.4 1392.9 1025
6 to & 80.8 1393.0 1033
4 to 3 40.8 696.4 1008
3 to 2 38.3 695.4 1082
2to1l 24,1 395.2 979
1 to Empty 6.0 T4.5 T4s
Sensors No. 5 and 7 did not respond properly.

Sensor Response During Pre-Pressurization
Sensor Out of Liquid
Sensor No. (Seconds After Start of Pre-Prossurization
46 4.5 RS |
Ly 1 30.5 . N
43 1.3 (after start of drain)

Vacuum Bell Pressure

After 5 Minute Stabilization

Start of Pre-Pressurization 340 microns
Start of Drain 475 microns
Middle of Drein 275 microns

Channels Out During Run

Uilage Pressure 30.7 psia

Temperature at Diffuser 98.3°K -281.6°F
Temperature at 150" Level 98.3°K -281. 6°E
Temperature at 30.31" Level L1.6°K -384.0°F
Temperasture in Outflow Line 48.9°K -371.5°%

13
16

30
L8
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; Run Number 6
[ Date Test Conducted: 21 August 1964
Pre-Pressurant Gas O0°F Helium -
| Sressurant Ges 0°F Heilum B R
} Barometric Pressure 621.20
: Onerating Pressure 30 psia
Pre-Pressurization time 49,8 seconds
Stabilization Time 11.0 seco..ds
Drain Time 402.5 seconds
Ullage (Prior to Pre-Press.) 5% (App. €998.9 Gallons)

Pre-Pressurant Gas Tempem ture

Temperature
Time °K °F
T+ 0 279.2 43,1
T+ 10 279.5 43.6
T+ 20 279.8 ha,1
T+ 30 280.4 45,1
T + 40 279.8 .1
T + 49.8 230.4 45.1
Ullage Pressure at Completion of Pre-Pressurization 31.4 psia
Drain Operation
Pressurant Temperature Ullage Presgure
Time °K °F° psis
T+ 0 214.6 -74.8 30.9
T+ 1 221.5 -60.3 32.5
T+ 3 236.3 -34.7 33.4
T+ 5 215.3 -70.7 30.2
T+ 6 226.9 -51.0 30.7
T+ 26 260. 4 a2 31.4
T + 46 267 .1 2L.7 31.3
T+ 71 270.0 26.5 31.7
T+ 96 272.5 31.1 31.1
T + 146 274.3 34,2 31.1
T+ 19 276.2 37.6 31.2
T + 246 278.0 ko.9 31.2
T + 2% 278.9 42,5 30.7
T + 346 280.1 44,6 31.2
T + 3% 281.7 4y .6 31.2
T + 4OL 280.4 45.3 30.6
T + 402.5 280.7 45.7 30.5
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Run Number 6, Continued...

Sensor Resoonse During Drain

Sensors Time (Sec.
34 to 22 19.7
22 to 10 19.6
10 to 9 ko.7
O 40 3 40.5
3 to 6 80.7
6 to b 79.8
Ik to0 3 4o.6
3to 2 33.5
2t 1 23.9
1 to Empty 5.7

Sensors No. 5 and 7 did not respond properly.

Sensor Response During Pre-Pressurization

Volume (Gal.) Flow Rate (GPM)

339.9 1058 ,
348.2 1085 "“ﬁ
69.5 1030

656.5 935

1392, 9 1038

1383.0 1050

696.4 1039

695.4 1090 .
395.2 1000
Th.5 782

Sensor Number

Ly
43
L2
3%
L6

Vacuun Bell Pressure

3tart of Drain
T + 200

1100 microns
500 microns

After 5 Minute Stabilization

Sensor Out orf Liquid

Ullage Pressure 30.9 1oie

Tempersture at Dif - user 232.9°%K -4o.3°p
Tempersture at 150" Level 184.7°k Y -127.0°F
Temperature at 30.81" Level 43.2°K <372.7°F
Temperature in Outfiow Line 55.2°K -360.1°F

(Beconds Arter Start of Pm-Prusurization) -

3.4 ,.,
6.7 .
30.6 Rt
12.8 (arter start of drain)
0.8 (Prior to start of

Pre-2ress.)
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Run Number 7

; Date Test Conducted: 22 August 1964

? Pre-Pressurant Gas -300°F Helium

“ Pressurant Gas ~300°F Heiium

5 Barometric Pressure 615.40

| Operating Pressure 30 psia

1 Pre-Pressurizetion Time L5.6 seconds

j Stabilization Time 20.5 seconds

? Drain Time 406.5 seconds

Ullage (Prior to Pre-Press.) 5%

} Pre-Pressurant Ges Tempserature

,’ Temperature
Time °K °F

! T+ 0 260.4 9.2
T + 10 259.7 8.0
T+ 20 257.1 3.3
T+ 30 255.8 0.9
T+ Lo 253.8 -2.6
T + 45.6 254.1 -2.1

Ullage Pressure at End of Pre-Pressurization 31.4% psia
Drain Operatien c
Time Pressurant Tempereture Ullage Pressure
j(_‘ _‘z nsia

T+ 0 180.9 -133.9 30.4
T+ 2 .196.3 -106.1 31.0
T 4+ 12 215.7 -71.3 30.1
T+ 22 225.5 ~53.6 29.9
T+ b2 217.1 -63.6 29.5
T + 62 215.3 -72.0 29.3
T + 87 210.5 -50.6 30.0
T + 112 206.3 -33.2 30.4
T + 137 202.9 -94.3 30.5
T + 187 199.0 -0l k4 30.7
T + 237 195.9 -136.5 30.9
T + 287 191.9 -a1h. 31.0
T + 337 191.9 ~11h.i 31.0
T + 387 139.9 -L17.7 31.0
T + 397 190.3 -117.0 31.0
T + 405 190.7 -116.2 31.1
T + 406.5 189.5 ~-113.4 30.7
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Run Number 7, Continued...

Sensor Response During Drain

gensors

34 to
22 to
10 to
9 to
8 to
6 to
4 to
3 to
2 to

1 to Bmpty

O

H W FON@WY - D

Time QSec.!

555

'\—’
FLO@O I N o

QO W £

oW &
W F O Y

®E

"A"

54.0 H

N ATEY

5/5/65

Fiow Rate (GPM)

. Sensors 5 and 7 did not Respond Properly

Sensor Response During Pre-Pressurization

Sensor
T

43
42
3%

Vacuum Bell Pressure

During Drain

+

eI E R
+ 4+ + 4+

132
150
200
250
522
400

After 5 Minute Stabiii. ation

Ul.iage Pressure
Temperature
Tempercture
Temperuture
Temperature

&t Dirfuser

2t 150" Level
at 30,73." Level
in Outiliow Line

1027
1065
1025

933
1023
1031
1018
1102

I7L

839

Sensor Out of Liguid

(Seconds After Start of Pre-Pressuriza

350 microns
300 microns
250 microna
225 microns
300 mlcrons
400 microus

30.5 osis
173.0°%k -147.0°F
+53.7°K -1832,8°F

40.4°K -386.3°F
45.0°K -373.5°F

13.1 (After Start of Drain)
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Run Number 3
Date Test Conducted: 27 August 1964
Pre-Pressurant Gas 0°F Hydrogen
Pressurant Gas 130°P Hydarogen
Barometric Pressure 617.45 |
Operating Pressure 50 psia
Pre-Pressurization Time 43.7 seconds
Stabilization Time T.4 seconds
Drain Time 36.3 seconas
Uilage (Prior to Pre-rress.) 5%
Pre-Pressurant Gas Temperature
Temperature
Time °K °F
T+ 0 263.90 13.9
T + 10 2434 -21.4
T + 20 229.1 -47.2
T+ 30 211.6 -78.6
T+ 40 191.5 -114.8
T + 48.7 177.1 -133.6
Ullage Pressure at Completion of Pre-Pressurization 4G.4 psia
Drain Qperatien
Pressurant Temperature Ullage Pressure
Tine K °F .8ls
T+ 0 245.4 -.7.9 47.8
T+ 2 222.6 -53.9 50.4
T+ L 218.2 -06.7 5.1
T+ 6 208.6 -34.0 50.2
T+ 8 206.7 -37.4 43.3
T+ 10 201.0 -97.7 49,7
T + 12 201.4 -36.9 43.3
T + 14 19%6.3 -106.1 bg,7
T + 16 165.1 -108.3 49.1
T + 18 192.7 -112.7 9.1
T + 20 190.7 -116.2 5.0
T + 22 186.7 -123.7 Lg,7
T + 24 188.7 ~«119.9 48.5
T + 26 182.5 -130.¢g 50. 4
T + 30 182.5 -130.9 kg, 7
T + 32 181.3 -133.2 kg, k4
T + 34 180.9 -133.9 43.3
T + 35 179.6 -136.9 49.3
T+ 36 178.8 -137.7 50.2
T + 36.8 175.4 -143.3 50.3 |
| B T + 37.3 176.2 o -1l42.h4 50.1
Tank Rupture 333.6 NG 13.2
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Run Number 8, Continued...

Sensor Response During Drein

S=nsors Time (Sec.

34 to 22 19.8

22 to Rupture ‘(.0
Sensor v+ out of Liquid 2.9 seconds a
Sensor 43 out of Liguid 4.2 seconds a
Sensor 42 out of Liguid 22.2 seconds
Sensor 34 out of Liquid 13.2 secouds

Sensor 22 out

of Liquid 6.0 seconds p
Sensor 4 out

of Liquid 1.2 seccnds p

Vacuum Bell Pressure

Start of Pre-pPressurization
End of Pre-Pressurization
Start of Drain

Channels Disconnectad from Commutator
MM

i3
16
Ly
43
43
29

FR 13632 ,
363 A 56.0
11-25-64 A" 5/5/65
I —

Voiume (Gal.)

Flow Rate (GPM

339.9 1030

r'ter sturg¢ of Pre-Pressurigacion
rter svarty of Pre-Pressurizscion
afier start of Pre-Fressurization
Al'ter start of Drain

rior to Rupture i
rior to start of Pre-pPressurization

100 microns
2300 microns
2800 microns
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@ Run Number 11
B
g - Date Test Conducted: <22 August 1964 -
i Pre-Pressurant Gas 0°F Hydrogen
| Pressurant Gas 100°F dydrogen
i Barometric Pressure 620.20
i Operating Pressure 20 peia
; Pre-Pregssurization Time 52.3 seconds
| Stabilization Tiume 13.Q secunds
Drain Time 421.0 secou.ds

Uliage (Prior o Pre-Press.) 5

} Pre-Pressurant Gas Temperature

i Temperature
-]

! Time K °p
é T+ 0 274.9 35.5

T + 10 279.0 26.5

T + 20 275.9 37.1
‘ T+ 30 28L.0 4.3
1 T + 40 285%.5 54.4

T+ 5 29i.1 6.5

T + 52.8 291.7 65.6

Ullage Pressure at Completion of Pre-Pressurization 20.2 psia
Drain Operation
|
Time Pressurant Temperature Ullage Pressure
°K °F vgla

T+0 1745 -14%5.4 1.7

T+ 3 206.3 -35.3 19.5

T+ 13 235.1 -36.3 1.2
: T + 23 k5L -17.9 19.2
| T + U3 260.1 5.7 1y.b
: T + 63 272.8 3L.7 9.7
i T + 93 281.0 4.2 iv.8
‘ T + 143 286.7 56.5 19.7
| T + 193 238.3 60.3 165
| T + 243 283.5 0.3 19.4
F T + 295 272.5 43.6 19.5

T + 343 274.0 33.7 20.0
. T + 39 266.8 20.7 19.8
! T + Lit 266.2 19.7 19.4
\ T + 421.6 263.9 15.5 19.7
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| Beech Aircraft Corporation — Environmental Test Laboratories FR 13632 A

Run Number 11, Continued...

e Sensor Response During Drain ]
} Sensors Time (Bec.) Volume (Gal.) Flow Rate (GPM)
i 42 to 3k 14,1 219.7 912
r 3k to 22 20.2 339.9 963
L 22 to 10 19.6 3k3.2 1063
10 to 9 41.2 696.5 1016
9 to 8 40.5 656.5 902
| 8 to 6 8L.9 1392.9 1012
' . 6 to k4 83.5 1393.0 1000
L to 3 k2.9 696.4 976
3to2 41.5 695.4 1008
2tol 26.7 395.2 890
1 to Bmpty 6.8 4.5 664

Sensors 5 and 7 4did not Respond Properly

Sensor Response During Pre-Pressurization

Sensor out of Liquid

Sensor Number Seconds After Start of Pre-Pressurizatich)
b At Start
43 6.8
42 2.7 (After start
of Drain)

Vacuum Bell Pressure

Start of Drain 250 microns
Middle of Drain 300 microns

After 5 Minute Stabilization

Ullage Pressure 19.4 psia

Temperature at Dirfuser 230.3°% -h4l . g°p
Temperature at .50" Level 173.4°K ~147.4°p
Temperature at 30.81" Level 41.3°K -335.2°F
Temperature in Outflow Line 51.9°K -366.0°F
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Run Number 12

N Date Test Conducted: 22 August 1964

Pre-Pressurant Qes 0°F Hydrogen
Pressurant Geas -100°F Hydrogen
Barometric Pressure 620.00
Operating Pressure 20 psia
Pre-Pressurizing Time 59.5 seconds
Stabilization Time 8.9 seconds
Drain Time 408.1 seconds

Ullage (Prior to Pre-Press.) 5%

Pre-Pressurant Gas Temperaturse

Temperature
Tine °F
l T+ 0 280.4 45,2
T + 10 2hk 1 -20.0
T+ 20 204.5 «91.4
T+ 30 178.4 -138.4
T + 40 178.4 -138.4
T+ 5 133.8 -123.6
T + 59.5 185.0 -126.0

Ullage Pressure at Completion of Pre-Pressurization 20.8 psia

Drain Operation

Time Pressurant Temperature Ullage Pressure
°K °F psia
T+ 0 135.0 -126.9 20.4
T+ 5 196.3 -106.1 20.0
T + 15 201.4 -G7.0 20.4
T + 40 201.0 -S7.7 19.9
T + 65 201.8 -96.2 20.0
T + 115 202.9 -34.3 20.4
T + 165 204.5 -91.4 20.7
T + 215 204.8 -90.9 20.7
T + 265 204.8 -90.9 20.6
T + 315 205.6 -89.4 20.6
T + 365 206.0 -88.7 20.5
T + 408.1 202.6 -94.3 20.4
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! Run Number 12, Continued...
» Sensor Response During Drain _
E —
Sensors Time (gec.) Volume (Gal.) Flow Rate (GPM)
| 42 to 34 13.2 219.7 1000 4
é 34 to 22 19.3 339.9 1055 8
» 22 to 10 19.7 348.2 1052
‘ 10 to 9 k1.0 696.5 1018
9 to 8 40.7 £56.5 935
8 to 6 81.3 1392.9 1028
: 6 to 4 81.1 1393.0 1032
| L to 3 40.3 69%6.4 1024
| 3to2 39.0 695.1# 1070
‘ 2tol 24.7 395.2 914
F 1 to Empty 6.3 Th4.5 704

Sensors 5 and 7 did not Respond Properly

Sensors Response During Pre-Pressurization

Sensor Number

8ensor Out of Liguid

{8econds After Start of Pre-Pressurizsti

L3
k2

Vacuum Bell Pressure

i Pre-Pressurization

| Drain T+ 0

115
150
200
250
280
300
330
408.1

3
+

HEaEEAa
+ 4+ +++ o+

After 5 Minute Stebilization

Ullage Pressure

Temperature at Diffuser 179.
Temperature at 150" Level 155.
Temperature at 30.31" Level Lo,
Temperature in Qutflow Line Lg.

l.h

200 microns
725 microns
600 microns
450 microns
400 microns
300 microns
275 microns
250 microns
225 microns
225 microns

20.4 psia
°K
K

°K
K

1.0 (After Start of Drein)—- § —
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Run Number 13

Date Test Conducted: 22 August 1964

Revision Dates j
11-25-64

Pre-Pressurant Gas O°P Hydrogen
Pressurant Gas ~300°F Hydrogen
Barometric Pressure 619.7
Operating Pressure 20 psia
Pre-Pressurization Time 73.5 seconds
Stabilization Time 9.0 seconds
Drain Time 415.4 seconds
Ullage (Prior to Pre-Press.) 5%
Pre-Pressurant Gas Temperature
Temperature
Time °K °r
T+ 0 256 .4 2.0
T + 10 196.2 -106.3
T+ 20 149.2 -190.9
T+ 30 115.3 =252.0
T+ 40 80.1 -315.4
T+ % 82.3 -311.4
T+ 60 94,0 «290.3
T+ 70 86.7 -303.4
T + 73.5 89.5 -298.4

Ullage Pressure at Completion of Pre-Pressurization

Drain Operation

Pressurant Temperature

Time °K °F

T+ 0 175.8 -143.0
T+ 3 167.1 -158.7
T + 28 139.5 -208.4
T + 53 129.2 -226.9
T + 103 117.7 -247.6
T + 153 117.1 -248.7
T + 203 114.3 -252.9
T + 253 118.2 -2U6.7
T + 303 117.1 -248.7
T + 353 112.5 -257.0
T + 403 117.1 2437
T + 413 116.5 -249.8
T + 415.4 117.1 -248.7

20.7 psia

Ullege Pressure

_i nAn 5/5/65

_psia

R e, e st e b i

e e R

20.6
20.
21.
20.
20.
20.
20.
20.
20,
20.
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Run Number 13, Continued...
[ Sensor Number Time (Sec.) Volume (Gal.) Flow Rate (gPM) _|
43 to L2 2.0 25.5 765
b2 to 34 12.9 219.7 1022
34 to 22 19.3 339.9 1030 SRRy
| 22 to0 10 19.7 348.2 1052
10 to 9 41.3 69%.5 1010
9 to 8 bo.7 656.5 966
8 to 6 81.5 1382.9 1025
6 to & 82.3 1393.0 1016
b to 3 41.6 696.4 1002
3to2 4o.2 695.4 1030
2tcl 25.5 395.2 7
1 to Empty 6.3 T4.5 715
Sensors 5 and 7 did not Respond Properly
Sensor Response During Pre-Pressurizetion
Sensor Out of Liquid
Sensor Number (Seconds After Start of Pre-Pressurization) o

M 008 "'7- ‘\“‘n
43 1.6 éAfter Start or Dredn) . §
46 8.5 (Before Stert of Pre-Press.)

Vacuum Bell Pressure

Pre-Pressurization 225 microns
Drain T+ 0 250 microns
T+ 50 550 microns
T + 100 425 microns
T + 160 325 microns
T + 270 250 mierons
T + 320 225 microns
T + 345 200 microns
T + k15,4 200 microns

l After 5 Minute Stabilization

Ullage Pressure 20.3 psia

Temperature at Dirfuser 104.2°K -272.1°F
Tempersture at 150" Level 10k.2°k -272.1°F
Temperature at 30.31" Level 40.4°K -386.8°F
Temperature in Outflow Line 46.6°k -375.6°F
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| Run Number 1k
'V Date Test Conducted: 21 August 1964 —
F
g Pre-Pressurent Gas O°F H,drogen
Pressurant Ges -100°F Hydrogen
| Baroweiric Pressure 621.20 H.v
; Operating Pressure 30 psia N
: Pre-Pressurizatiou Time 4.4 seconds
Stabilization Time 6.9 seconds
w Drain Time T57.7 seconds
‘ Ullage (Prior to Pre-Fress.) 5%
Pre-Pressurant Gas Temperature
Temperature e
Time °K °F n
T+ 0 221.5 -60.8
T+ 10 i73.7 -146.8
T+ 2 174.1 -146.1
T + l‘o 13607 -123~i+
T + bk 193.5 -111.2 P
Ullage Pressure at Completion of Pre-Pressurization 3..9 psia *ﬁ
Drain Operation
Pressurant Tempercture Ullage Pressure
Time °K °F psia
T+0 226.2 -52.3 32.2
T+ 3 219.0 -65.3 31.3
T + 13 213.1 -76.0 32.0
T + 31 210.5 -30.6 31.6
T + 81 207.1 -86.7 32.2
T + 131 205.6 -89.4 31L.6
T + 181 205.2 -90.1 3L.8
T + 231 205.2 -90.1 3.2
| T + 281 20k.1 -92.2 31.8
\ T + 331 204.3 -C.9 32.0
i T + 331 204.8 -30.9 31.6
T + 431 206.0 -33.7 34.5
T + 481 206.3 -88.3 31.7
T + 531 205.6 -39.4% 31.4
; T + 581 205.6 -89.4 32.0
T + 631 205.6 -39.4 31.8
T + 681 206.0 -38.7 31.9
T+ 731 206.7 -37.5 31.8
| T + 757.7 204.8 -90.9 31.6
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Run Number ik4, Contiauved...

Sensor Response buring Drain

Sensors Time (Sec.) Veluse (Cal.) Fiow Rate (GPM)
12 to 34 2h.6 215.7 539
! 34 to 22 37.3 339.9 541
| 22 to 10 37.1 343.2 563
| 10 to 9 7.7 696.5 540
| 9 to 8 75.1 656.5 525
; 8 to 6 150.8 1392.9 530
6 to 5 75.1 69%6.5 537 :
2 to 4 799 6%.5 533 i
| b to 3 76.5 696.4 547 :
E 3 to2 72.0 695.4 579
' 2tol 4y.3 395.2 537
i 1 to Empty 10.2 T4.5 443

Sensor No. 7 414 not indicate

Sensor Response During Pre-Pressurization

Sensor Out of Liquid

Sensor Number (Seconds Arter Start of Pre-Pressurization)
46 )
L 5.6
43 7.3
42 0.6 (After Start of Drain)

After 5 Minute Stabilization

Ullage Pressure 3.0 psis

Temperature at the Diffuser 190.0°K ~-117.5°%
Temperature at the 150" Level 173.2°%K -133.7°F
Temperature at the 30.5." Level 41.6°K -384.6°F
Temperature in the Outiiow Line 43.2°k -372.4°F
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Rua Number 16

|

P Date Test Conducted: <6 August 196k —

\

’ Pre-Pressurant Gas 0°F H,drogen

1 Pressurant Gas -300°F Hydaro.en

! Barometric Prescure £18.00

| H Operating Pressure 30 psia |
Externel Heat Flux 450 BTU/Ft/Hr
Pre-rressurizatiou Time 53.85 seconds
Stabilization Time 10.0 seconds
Drain Time 403.6 seconds
Ullage (Prior to Pre-Press.) 5%

i Limiter (Voltaye) 10%

{ Heat Betting (Heat Rate Computer)80%

; Skin Temperature ~300°F

i Pre-Precsurant Gas Temperature

| Temperature

} Tine °K °F

; T+0 237.2 -32.5
T+ 10 179.9 -139.3

} T + 20 129.7 -226.2
T+ 30 52.1 -293.7

| T+ 40 69.3 -334.7

f T+ 5 69.3 -334.7
T+ 53.3 73.2 -327.9

l
L Ullage Pressure at Completion of Pre-Pressurization 31.2 psia
}

Drain Qperation
Pressurant Temperaiure Uilage Pressure
Time °K °F psia
T+ 0 222.2 -59.5 30.1
T+ 5 1724 -149.2 30.2
T + 25 133.4% -219.3 30.2
T + 45 117.7 -247.8 31.3
T+ 75 111.9 -258.1 30.5
T+ 95 110.7 -2@0.3 30.9
T + 100 109.0 -?b3.3 2.0
T + 150 107.2 -260.0 Si.4
- T + 200 111.9 —258.1 30.7
T + 250 109.6 -202.3 31.2
T + 300 110.7 -260.3 30.9
T + 350 103.4 -264.5 3l.1
T + 400 111.9 -258.1 30.7
T +

403.6 103. 4 -264.5 30.9
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’ Run Number 16, Continued...

Senscr Response During Drain

1 . -
E Sensors Time (Sec.) Volurne (Gal.) Plow Rate (GPM)
| 3k to 22 19.6 339.9 1032
| 22 to 10 20.0 348.2 1043
1 10 t0 9 40.1 6%.5 1037
| 9to 8 40,1 656.5 30
| 8 to 6 80.7 1392.9 1032
i 6 to 4 80.3 1393.0 10K
| 4 to 3 4Lo.5 696. 4 1038
| 3 to2 33.5 695.4 1075
| 2t01l 25.0 395.2 945
F 1 to Empty 6.0 4.5 750
; Sensor Response During Pre-Pressurization , fA
| Sensor Out of Liguid
Sensor Number (Seconds After Start of Pre-Pressurization)
! L6 1.2
| Ly 2.7
| 43 5.7
| 42 11.2
; Ik 12.8 (After Start of Drain)

Sensors 5 and 7 did not Respond Properly

Channels Disconnected

10 L3
13 59
16 L1
43

Vacuuwn Bell Data

Start of Pre~Pressurizetion 90 microns
End of Pre-Pressurizection 1750 micrcrs
Drain T + 60 2250 microns
T + 200 140C microns
T + 300 1200 mlcrons
T + 40O 1400 microns
After 5 Minute Stabilization 100 microns

After 5 Minute Stabilization

Ullage Pressure 32.9 pseia
I Temperature at Diffuser -2h7.7°PF ll7.7:§
i Temperature at 150" Level -248.1°F  117.5
Temperature at 30.31" Level -367.; F 51.2:x
- Temperature in Outflow Line 29.}'? 271.6°K

i w—




'BEECH TEST REPORT

|
; Beech Aircraft Corporation — Environmental Test Laboratories FR 13632 A ’ 67-0
’ i issue Cate ,Rewcﬁ.qlh Dates
} 11-25-64 e 5/5/65
!
‘ Run Number .7
N = Date Test Conducted: 25 August 1964 —
: Fre-rressurant Gas U°F Hydrogea
| Pressurant Gas -200°F Hydrogen
i Barometric Pressure 613.00 Rl |
Operating Pressure 30 rsia 5,
| External Heat Fiux L50 BTU/Ft~/Hr
| Pre-Pressurization Time 5.1 seconas
‘ Stebilization Time 7.1 secornds
’ Drain Time %01.5 secoras
} Ullage (Prior to Pre-Press.) 5%
} Limiter (Voltage) 10
! Heet Setting (Heaut Rate Computer) 80%
| Skin Temperature -300°F
|
Pre-Pregsurant Gas Temperature
Temperature
Tine °K °F
T+0 181.7 -132.6
T + 10 153.5 -183.2
T+ 20 125.4 -234.0
T+ 30 119.9 -243.8
| T+ 40 125.4 -234.0 R
T + 50.1 134.9 -216.8

Ullage Pressure at Completion of Pre-Pressurization 31.0 pgia

Drain Operation ¢

Pressurant Temperuture Ullage Pressure
Time °K P peia
T+ 0 235.4 -3€.0 30.8
T+ 3 216.0 -7C.% 3C.0
T+ 10 189.5 -113.5 30.5
’ T + 40 162.3 -16%.7 20.3
: T + 70 i51.6 -156.5 30.6
| T + 120 L7.3 -193.6 20,5
| T + 170 148.3 -192.7 30.6
| T + 220 147.3 -124.5 20.6
T + 270 147.3 -164.5 3i.4
T + 320 147.3 -1%4.5 31.1
T + 370 1404 -1%.1 31.0
T + 400 146.9 -195.2 30.9
T + 401.9 ik6.9 -195.2 30.3
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Run Number 17, Continued...

Sensor Response During Drain

Sensors Time(Sec.) Volume (Gal.) Flow Rate (GaM)
3 to 22 19.8 337-9 1030
22 to 19 19.4 348.2 1075
H 0 to 9 Lho. 4 6%6.5 1030
9 to J 40.1 046, 5 935
b to 6 80.2 13, 10h5
6 1o & 79.7 1393.0 1063
L 0 3 40.3 6%6.4 1035
3 to2 38.2 695.4 1087
2tol 24,1 395.2 530
1 to Empty 6.4 4.5 700.
Sensors 5 and 7 did not Play Properly
Sensor Response During Pre-pPressuri.«tion
Sensor Out of Liquid
Censor Number (Seconds After start of Pre-Pressurizatianz “

46 1.8
LY L,1
%3 7.3
42 31i.4 B
3h i3.2 (After Start of Drain)
Channels Disconnected
13 43
16 48
41
Vacuui Bell Pressure
Start of Pre-Pressurization 70 microns
Znd of Pre-Pressurization 2000 microns
Stabilization 2000 microns
Drain T + 60 2500 microns
T + 200 o : <990 microns
T + 300 1250 microns
T + 400 200 microus
Aafter 5 Minute Stabilization 1500 microns
After 5 Minute Stabillization
Ullage Pressure 32.4 psia
Temperature at Diffuser 153.1 °K -174.9°F
Temperature at 150" Level 158.3 °k -174.5°p :
= Temperature at 30.81" Level 55.2 °K -360.2°F ~
Temperature at Outflow Line 271.9 K 29.3°F
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Run Number 18

- Date Test Conducted: 25 August 1964

f Pre-Pressurant Cas O°F Hydrogen
! Pressurant Gas -100°F Hydrogen
‘ Barometric Pressure 621.25
F Operating Pressure 30 psia
: External Heat Flux 450 BTU/Pt</Hr
’ Voltage Limiter 10%
} Heat Rate Computer Time
Skin Temperature -300°F
Ullage (Prior to Pre-Press.) 5%
Pre-Pressurization Time 46.6 seconds
Stebilization Time 6.5 seconds
Drain Time L27.4 seconds

L Pre-Pressurant Gas gggggrature

Temperature

Time °K °F

T+0 297.7 76.3 |
i T+ 10 277.)6 39.8

T+ 20 243.7 -21.0

T+ 30 20k.5 -91.5

T+ 40 179.2 -137,1

T + 46.6 174.5 -145.6

Ullsge Pressure at Completion of Pre-Pressurization 31.5 psia

! Drain Qperation

Pressurant Temperature Ullage Pressure
Time °K °F psia
T+ 0 229.1 -47.2 30.7
T+5 219.7 -6b.2 29.9
T+ 10 210.5 -80.7 31.2
T + 50 198.2 -102.9 30.4
T + 100 198.2 -102.9 30.8
T + 150 197.8 -103.6 30.6
T + 200 197.8 -103.6 31.0
T + 250 198.2 -102.9 30.7
T + 300 197.38 -103.6 30.7
T + 350 199.0 -101.4 30.7
T + 40O 196.3 -106.3 31.3
T + b27.4 191.5 -115.0 30.9
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Run Number 18, Ccntinued...

Sensor Response During Drain

Sensors Time (Sec
34 to 22 20.1
22 to 10 21.6
10 to 9 Ly,s
9 to 8 43.8
8 to 6 87.3
6 to &4 87.8
b to 3 41.6
3 to 2 41.9
2tol 26.8
1 to Empty 6.4

Heating applied approximately five (5) minutes prior to pre-pressurization.
All sensors except 48 covered st the start of heating.
Sensor 34 uncovered 5.6 seconds after start of drain.

Sensors 5 and 7 414 not respond properly.

Channels Disconnected

13 43
16 48
L3

Vacuum Bell Pressure

Start of Pre-Pressurizetion
End of Pre-Pressurization
Btabilization
Drain T+ 0

T + 60

T + 200

T + 300

T + 400
After 5 Minute Stabilization

After 5 Minute Stabilization

Ullage Pressure
Temperature at Diffuser
Tempereture at 150" Level
Temperature at 30.81"Level
Temperature in Outflow Line

L, 11-25-64  mpv 575065

Volume (Gal.) Flow Rate (GPM)
339.9 1030
348.2 982
6%.5 oh2
656.5 05
13%2.9 960
1393.0 961
696.4 1010
695.4 1000
395.2 806

T4.5 722

70 microns
1250 microns
2000 microns
2250 microns
1750 microns
1500 microns
1200 microns
1050 microns
1300 microns

31.4 psia
196.5°%K -106.0°F
188.0°% -121.1°p

36.9°K -393.0°F

20.4°K -422.6°%p

+ 166
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Run Number 22

- Date Test Conducted: 26 August 1964 —

Pre~Pressurant Gas 0°F Hydrogen

‘ Presgurant Ges -100°F Hydrogen

‘ Barowetric Pressure 617.45 |
Operating Pressure 30 psia oo

| External Heat Flux 900 BTU/Ft°/Hr

i Limiter (Voitage) 13%

| Heat Setting (Heat Rete Computer) 90%
Skin Temperature -150°F
Ullage (Prior to Pre-Press.)
Pre-Pressurization Time 70.8 seconds
Stabilization Time 7.0 seconds
Drain Time 402.0 seconds

} Pre-Pressurant Gas Temperature

Temperature
| Timn °K oF
\
| T4+0 268.1 22.9
| T+ 10 234.0 -35.5
| T + 20 201.0 -97.8 '
l T + 30 174.1 -146.2 -
T + 40 175.0 -141.6 S
T+ 50 183.0 -130.2
T + 60 185.4 -126.0
T + 70 191.9 -1ik.2
T + 70.8 188.7 -120.0

Uliage Pressure at Completion of Pre-Pressurization 31.0

Drain QOperation

Pressurent Temperature Ullage Pressure
| Time K °F osia
‘ T+ 0 234.0 -38.4 30.7

T+ 5 221.9 -60.2 29.5
‘ T + 10 216.8 -69.4 30.0
| T+ % 203.7 -93.0 31l.1
: T + 100 20k.1 -92.3 30.7
T + 150 202.2 ~95.7 30.6
T + 200 20L.5 -al1.6 30.9
T + 250 205.6 -35.6 3.7
T + 300 204.5 -91.6 31.0
T + 350 206.0 -88.9 30.7
T + 40O 205.6 -89.6 31.1
T + 402.0 203.3 -93.7 30.9




BEECH TEST REPORT

N
Beech Aircraft Corporation — Environmentai Test Laboratories FR 13632 a J 72 0
i d issue Dacte Revision Dates

Run Nwnber 22, Continued...

Sensor Response During Drain

| 11-25-64  "a" 5/5/65

Sensors Time (Sac.) Voiume (Gal.) Flow Rate (GI¥)
34 to 22 21.4 339.9 G54
22 to 10 19.0 348.2 1100
10 t0 9 40,2 6%.5 1035
9 to 8 b2,k 656.5 526
8 to 6 80.1 1392.9 1042
6 to 4 80.0 1393.0 1042
4 to 3 41.3 696 .4 997
3to2 Lo.2 695.4 1035
2to1l 25.0 395.2 812
1 to Empty 5.4 4.5 812

Sensors 5 and 7 4id not Respond Properly

Sensor Response During Pre-Pressurization

Sensor !g!ggr

46
Ly

43
42
34

Channels Disconnected

13 L1
16 43
19 43

Vacuum Bell Pressure

8ensor Out of Liquid
{(Beconds Arter Start of Pre-Pressurization)

(Arter Start of Drah)

Start of Pre-Pressurization 60 microns
End of Pre-Pressurization 1250 microns
Btabilization 1250 microns
Drain T + 60 1400 microns
T + 200 1300 microns
T + 300 1000 miecrons
T + 40O 1750 microns
After 5 Minute Stabilization 1400 microns

After 5 Minute Stabilization

Ullage Pressure
Temperature at Diffuser
Temperature at 150" Level
Temperature at 30.81" Level 35.3% -39%.
Temperature in Qutfiow Line 272.3°K 30.6°
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APPENDIX A

NASA PRESSURIZATION STUDY RUN SEQUENCE

Page T4.0
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VASA TRESSURIZATION STLLY RUN SELUENCE
RUN | COMP, | RARCMETRIC |OFERATING | PRE-PRESSURA™T RSSURAN DRAIN | EXT HUAT FLUZ
v0.| DATE PAESOURE  |PRESSURE | naS &un ToU 7. 323 + TENT. TINME | "TU/TTC /CUR
{(2518) {°F) {°F) (3EC)
1 {July 31 M /A 30 0° Hvdroren 100° Hvdreoeen LOO C
3 |tue, 20 €27.50 30 0% Hydroren -100° Hvdroren L00 3
L aee, 21| 421,70 30 00 Hydroren®  |-2000 Hydrocen | Li00 0
2 jrup. 21 21,70 30 0% Helium 00 Hydrogen 100 0
1k Jrue, 21| 621,20 30 0° Hydroren -100° Hydrogen | goo 0
6 Ve, 21 | 421,20 30 0° Helium C° Helium 100 )
7 lage, 22 619,40 30 -3000 Helium -300° Helium 1,00 0
5 |Aue, 22 620,50 30 -300° Helium  |300° Hydrosen | LOO 0
11 laug, 22 | 620,20 20 0° Hydrogen 100° Hydrogen | LOO o
12 frue, 22 620,00 20 0° Hvdroren 1009 Hi-droren 100 b)
13 {pur, 22 A19.70 20 0C Hydrocen 3009 Hydrosen LuG 0
16 {rue, 25 | 621.25 30 0% Eydroren -100° Hydroren | L0O 150
17 jiup, 26 61€,00 3u )% Hvdreeen L2009 Hvdroren LoO L50
16 {rue, 26 A1€,00 30 00 Prdroren 3000 Evdroeen LeO I
22 {tue, 26 £17.L5 30 00 Hydreoren -100° Hvdrosen LGO N0
& frug. 27 £17.15 50 00 tivdroren 100° Kydroren LG 0

166 _
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1

EECH TEST REPORT

"Beech Aircraft Corporation — Environmental Test Laboratories

NASA PRESSURIZATION STUDY
' Instrumentation Channel Assigmment

Issue Date

11.25-64

Revision 1

| U 5/5£

|

i
!
E
R
|
|
5

_ CHANNEL NO. FUNCTION TEST PROBE LOCATION
1 Time
2 Zero Reference
3 Full Scale Reference
4 Temperature Germanium 500 Outflow Line
5 Temperature Germanium 495 Center Pole
6 Temperature Germanium 479 Center Pole
7 Temperature Germanium 483 Center Pole 78.81 i :

8 Temperature Germanium 497 Center Pole 102,81 inclt
9 Temperature Germanium 480 Center Pole 126,81 .
10 Temperature Germanium 501 Center Pole 150.81 inch:_ ,
11 Temperature Germanium 457 Center Pole 174.81 inqh |
12 Temperature Germanium 458 Center Pole 198,81 1neh
13 Temperature Germanium 460 Center Pole 222,81 inch

U Temperature Germanium 456 Left Pole 246.81 inch

15 Temperature Germanium 505 Center Pole 24,6.81 inch
16 Temperature Germanium 489 Right Pole 246.81 inch

17 Temperature Germanium 512 Left Pole 252.81 inch

18 Tenperature Germanium 490 Center Pole 252.81 inch
19 Temperature Germanium 455 Right Leg 252.8l1 inch

20 Temperature Germanium 511 Left Leg 258.81 inch

21 Temperature Germanium 488 Center Pole 258.81 inch
22 Temperature Germanium 493 Right Pole 258.81 ir;ch

- 1

—
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" Beech Aircraft Corporation — Environmental Test Laboratories

Revision Dat

ssue Date ‘
11.25-64 "A" 5/5/68
NASA PRESSURIZATION STUDY (Cont.) ' ,,
CHANNEL NO. FUNCTION TEST PROBE LOCATION
0
| 23 Temperature Germanium 509 Left Pole 262.81 inch.ﬁ
’E 2, Temperature Germanium 491 Center Pole 262.81 ingﬁi'=ji,
5 25 Temperature Germanium 496 Right Pole 262.81 inc&filﬂ
i 26 Temperature Germanium 499 Left Pole 266.81 inchfi;1 
t 27 Temperature Germanium 482 Center Pole 266.81 ingg-_
f 28 Temperature Germanium 481 Right Pole 266.81 incﬁé$7“
} 29 Temperature Germanium 503 Left Pole 270.81 inch '
; 30 Temperature Germanium 504 Center Pole 270,81 iﬁgﬁ
; 31 Temperature Germanium 459 Right Pole 270.81 incﬁ'
32 Temperature Germanium 507 Left Pole 274.81 inch
33 Temperature Germanium 508 Center Pole 274.81 inch
3L Temperature Germanium 498 Right Pole 274.81 1n§h
35 Temperature Germanium 514 Left Pole 278.81 inch
36 Temperature Germanium 515 Center Pole 278.81 inch
37 Temperature Germanium 454 Right Pole 278.8l1 inch
38 Temperature Germanium 502 Left Pole 280,81 inch
39 Temperature Germanium 513 Center Pole 280.81 inch
LO Temperature Germanium 492 Right Leg 280.81 inch
41 Temperature Germanium 506 Left Pole 282.81 inch
L2 Temperature Germanium 510 Center Pole 282.81 inch
43 Temperature Germanium LS4 Right Pole 282.81 inch
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e
.. Beech Aircraft Corporation — Environmental Test Laboratories

NASA PRESSURIZATION STUDY (Cont.)

"A" 5/5/65

CHANNEL NO. FUNCTION TEST PROBE LOCATION

; L, Temperature Thermocouple 7 Qutflow Line

f L5 Temperature Thermocouple 8 Center Pole 30.81 inch

i' L6 Temperature Thermocouple 29 Left Pole 54.81 inch

f L7 Temperature Thermocouple 45 Center Pole 54.81 inch

E L8 Temperature Thermocouple 19 Right Pole 54.81 inch

: L9 Temperature Thermocouple 1 Tank Wall 54.81 inch

E 50 Temperature Thermocouple Ll Center Pole 78.81 inch

} 51 Temperature Thermocouple 30 Left Pole 102.81 inch

' 52 Temperature Thermocouple 11 Center Pole 102.81 inch
53 Temperature Thermocouple 20 Right Pole 102.81 inch
5k Temperature Thermocouple 2 Tank Wall 102.81 inch

| 55 Temperature Thermocounle 12 Center Pole 126.81 inch

2 56 Temperature Thermocouple 31 Left Pole 150.81 inch

g 57 Temperature Thermocourle 13 Center Pole 150.81 inch

E 58 Tempnerature Thermocouple 21 Right Pole 150.81 inch

| 59 Temperature Thermocourle 3 Tank Wall 150.81 inch
60 Temperature Thermocounle 14 Center Pole 174.81 inch
61 Temperature Thermocourle 32 Left Pole 198.81 inch
62 Temperature Thermocouple 15 Center Pole 198.81 inch
63 Temperature Thermocounle 22 Rizht Pole 198.81 inch
bl Temperature Thermocouvle 4 Tarnk Wall 198.81 inch

!
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BEECH TEST REPORT

JDocument No.

gv 0
A |

E‘ Beech Aircraft Corporation — Environmental Test Laboratories FR 13632
Issue Date evision H
112564 | "ar 5/5/65‘
NASA PRESSURIZATION STUDY (Cont.) o
' § CHANNEL NO. FUNCTION TEST PROBE LOCATION
E 65 Temperature Thermocouple 16 Center Pole 222.81 inch:j
; 66 Tamperatufe Thermocouple 33 Left Pole 246.81 inch |
; 67 Temperature Thermocouple 17 Center Pole 246.81 inch
: 68 Temperature Thermocouple 41 Right Pole 246.81 inch 'i‘f‘
f 69 Temperature Thermocouple 5 Tank Wall 246.81 inch X
; 70 Temperature Thermocouple 24 Right Pole 258.81 inch
g 71 Temperature Thermocouple 43 Center Pole 270.81 inch
f 72 Temperature Thermocouple 34 Left Pole 282,81 inch
‘ 73 Temperature Thermocouple 25 Right Pole 282.81 inch
4 Temperature Thermocouple 35 Left Pole 287.81 inch
75 Temperature Thermocouple 26 Right Pole 287.81 inch
76 Temperature Thermocouple 36 Left Pole ®92.81 inch
77 Temperature Thermocouple 27 Right Pole 292.8l1 inch
78 Temperature Thermocouple 37 Left Pole 297.81 inch
79 Temperature Thermocouple 42 Right Pole 297.81 inch
80 Temperature Thermocouple 6 Tank Wall 301.81 inch
81 Temperature Thermocounle 38 Diffuser
82 Temperature Thermocouple 39 Diffuser
83 Temperature Thermocouple LO Diffuser
8l T2 Buildup CU-Con 150° Ref.
Temperature
- —
L —
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NASA PRESSURIZATION STUDY (Cont.)

Issue Date

11-25-64

g

CHANNEL NO. FUNCTION TEST PROBE LOCATION
85 Temp, T1
Pre-Pressure CU-Con 150° Ref
86 Temp. T3
Press-Vent CU~Con 150° Ref.
87 Pressure
Ullage P2 S/N 5979 0 - 50 psia
88 Pre-Pressure
Pl S/N 611827 0 - 100 psia
89 Press~Vent
P3 S/N 5917 0 - 50 psia
90 Pre-Press, FM1
Flow Rate S/N 10449 0 - 280 CFM
91 Press-Vent
Flow FM3 S/N 10448 0 - 1125 CFM
92 Propellant
Flow FM2 S/N 4859 0 - 2000 GPM
93 Switch Trace Valve PV
oL Switch Trace Valve rFC
95 Switch Trace Valve PPC
96 No. 3
Liquid Level 1/10 W. Resistor 78.81 inch
97 No. 10
Liquid Level 1/10 W. Resistor 24,6.81 inch
98 No. 44
Liquid Level 1/10 W. Resistor 280.81 inch
99 No. 48

Liquid Level

1/10 W. Resistor

282.81 inch

166
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EECH TEST REPORT

Issue Date

11-25-64

NASA PRESSURIZATION STUDY

The following l1ist is the location of the liguid level sensors which wi
used to conduct the above-referenced tests. From this list seventeen (17) s
will be on the Brush recorder and four (4) sensors will be on the monitor scgp
All locations are referenced from the bottom edge of the bottom flange on t
titanium tank.

Sensor [ Type Recorder Readout and SENSOR Temperature
No. Channel Number Location Volume at 12 psia Volume &
Brush Record] Monitor Scope | (inches) (galions) '
L8 Channel 1 Channel Y83 232.31 7010.6
47 _ 282.31 6993.9
L6 Channel 2 231.81 6937.2
45 231.31 6975.6
i Ly Channel 3 Channel Y7 230.31 ©963.9
43 Channel 4 279.81 6939.7
42 Channel 5 278.31 6914.9
L1 ' 277.81 6339.6
40 276.31 6386L4.4
39 275.81 6841.2
38 274.81 6314.2
37 273.31 6737.2
36 272.31 6760.2
35 271.31 6732.2 6760.3 . -
34 Channel 6 270.31 6704.2 6728.5 ;
33 269.31 6676.2 T00.2%
32 263.31 6648.2
31 267.31 6619.4
30 266.31 6590.6
29 265.31 6561.8
28 264,31 6533.0
27 263.81 6504,2 6535.3
26 262.31 04T5.4 6504.5
25 261.31 6Lus .6 CHT5.7
24 260.8.4 O417.7 6440 .|
23 259. 31 6333.3 GUiT T
22 Channel 7 253.01 63559.9 0333.0
21 257.31 6331.0 0359.6
20 256.31 5302.2 0330.0
i9 255.31 6273.2 0301.0
18 25%.0L 6l4. it 0272.6
7 253.31 ©215.5 V3.5
i 252,31 6.36.6 02i4.5
15 251,51 0i57.7 0..35.5
1k 250,51 6123.3 6150 .0
13 244,33, 609y, O 0:27.5
F_
L,_ — R
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Document No.. ’
FR 13632 f[a.

Issue Date
11-25-64
Sensor Type Recorder Readout and SENSOR Temperature
No. Channel Number Location| Volume at 12 psia
Brush Record/Monitor Scope | (inches) (gallons)
12 248.81 6071.1
11 247.81 6042.1
10 Channel 8 | Channel 96 246.31 6013.3
9 Channel 9 222.81 5319.9
8 Channel 10 198.81 4626.5
T Channel 11 174.81 3933.2
6 Channel 12 150.31 3239.8
5 Channel 13 126.31 2546.5
L Channel 14 102.81 1353.1
3 Channel 15 | Channel 95 73.31 1159.7
2 Channel 16 54.81 u63.2
1 Channel 17 30.81 72,3
0 T
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